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INTRODUCTION
In  1957 a  s tu d y  on th e  Rocky M ountain m ule d e e r  ( Q io c o lleu s  
han lo n u s hem ionus) p o p u la tio n s  and ran g e s  o f  w e s te rn  Montana was 
i n i t i a t e d .  The R a tt le s n a k e  Creek d rairiage#  r e a d i ly  a c c e s s ib le  from  th e  
U rd T e rs ity  campus, was chosen  f o r  a  s tu d y  a r e a .  P rev io u s  w orkers have 
s tu d ie d  th e  summer ran g e  (W hite, 1958, 19&0) and w in te r  b e h a v io r  
(B a ile y , I 96O) o f  th e  d e e r  h e rd  and th e  p re s e n t  s tu d y  was c a r r i e d  o u t 
on t t ie  w in te r  ra n g e .
The w in te r  ran g e  s tu d y  a re a  i s  a  1200 a c re  t r a c t  lo c a te d  on 
Wallman R idge ( a ls o  c a l le d  S tra w b e rry  R idge) in  th e  low er p o r t io n  o f  
th e  R a tt le s n a k e  Greek d ra in a g e . I t  i s  a  s u c c e s s io n a l  ran g e  t h a t  was 
burned  i n  1919. Ponderosa p in e  and D ouglas f i r  w ere p redom inan t on th e  
a r e a  b u t  th e  f i r e  e lim in a te d  m ost o f  th e s e  t r e e s .  The r e s u l t  was th e  
developm ent o f  a  sh ru b  ty p e  w ith  snow brush cean o th u s ( Ceanothus 
v e lu t in u s ) and n in e b a rk  ( Physooarpus mal.v ace u s ) th e  two m ost common 
s p e c ie s .  These two s p e c ie s  a r e  common on o th e r  w e s te rn  Montana w in te r  
ra n g e s  ( C a r te r ,  1 9 5 1 ).
W in ter ra n g e s  a r e  g e n e ra l ly  c o n s id e re d  to  be th e  r e s u l t  o f  snow 
c o n d it io n s  t h a t  c au se  th e  movement o f  d e e r  from  t h e i r  summer ran g e  to  
w in te r in g  a re a s  i n  th e  r e l a t i v e l y  snow f r e e  lo w er e le v a t io n s  (D ixon, 
1934 ) .  These w in te r  ran g es  a r e  u su a l,ly  a re a s  o f  g r e a t ly  r e s t r i c t e d  
a c re a g e  compared to  th e  summer ran g e  and th e  r e s u l t  i s  c o n c e n tra t io n  
and o f te n  d e t e r io r a t i o n  o f ran g e s  due to  o v e ru se  o f  th e  a v a i la b l e  
f o r a g e .  T h is h as le d  to  th e  e s ta b l is h m e n t  o f  w in te r  range  a s  th e  
p r i n c i p a l  l im i t i n g  f a c t o r  to  b ig  game (O lsen , 1.938),
1
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T his s tu d y  was e s ta b l is h e d  to  a c h ie v e  th e  fo l lo w in g  o b j e c t i v e s î 
1 , To r e c o n s t r u c t  th e  h i s t o r y  o f  th e  R a tt le s n a k e  d ra in a g e  w in te r  
ra n g e  in  o rd e r  to  d e te rm in e  th e  s ta g e  and d a te  o f  s u c c e s s io n a l  s t a r t  o f  
th e  p r e s e n t  v e g e ta tio n *
2* To d e s c r ib e  th e  t r e n d  o f  f o r e s t  v e g e ta t io n  and , by lo o k in g  
a t  ev id en ce  o f  th e  p a s t  t r e n d s  and p r o je c t in g  th e s e  t r e n d s  i n to  th e  
f u t u r e ,  e s t im a te s
a .  P a s t abundance o f  fo ra g e  p l a n t s ,
b* How p re s e n t  fo ra g e  p la n t s  w i l l  be a f f e c te d  by c o m p e tit io n  
from  t r e e s  and n o n a u ti l iz e d  sh ru b s .
3* To d e s c r ib e  th e  v a r io u s  p la n t  a s s o c ia t io n s  on th e  ra n g e  and 
d e te rm in e  fo ra g e  p ro d u c tio n  and u t i l i z a t i o n ,
4 .  To d e v e lo p  a  d e e r  w in te r  ra n g e  management p la n  f o r  t h i s  
s u c c e s s io n a l  ra n g e .
F ie ld  d a ta  was c o l le c te d  from  th e  fa3.1 o f  I960  to  th e  s p r in g  o f
1962,
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STUDY AREA.
L o c a tio n . Wallman R idge i s  lo c a te d  betw een R a tt le s n a k e  Creek 
and S p rin g  Creek (F ig u re  1 ) ,  I t  i s  one o f  a s e r i e s  o f  r id g e s  d e scen d in g  
from  S tu a r t  Peak, Ih e  t o t a l  l e n g th  o f  th e  r id g e  i s  ab o u t f i v e  m ile s ,  
b u t  o n ly  th e  l a s t  two m ile s  a r e  c o n s id e re d  to  be th e  m ule d e e r  w in te r  
ra n g e . The low er two m ile s ,  a p p ro x im a te ly  1200 a c r e s ,  i s  th e  a re a  o f 
th e  1919 b u m ; above t h i s  th e r e  a r e  s te e p  s lo p e s  w ith  dense  t im b e r  and 
deep  snows t h a t  p re v e n t w in te r  ran g e  u s e .  The s tu d y  a re a  i s  lo c a te d  
a p p ro x im a te ly  s i x  and one h a l f  m ile s  n o r th  o f  th e  Montana S ta te  
U n iv e rs i ty  campus i n  s e c t io n s  23 , 2 k ^  25 and 26 o f  Township 14- N orth , 
Range 19 W est.
The w in te r  ran g e  p o r t io n  o f  Wallman R idge ex ten d s down from  
S tu a r t  Peak in  a  so u th w est d i r e c t i o n  (F ig u re  2 ) .  T h is p ro v id e s  a lo n g  
s o u th e a s t  f a c in g  s lo p e  t h a t  i s  exposed to  th e  sun i n  th e  w in te r  w ith  
c o rre sp o n d in g ly  lo w er snow d e p th s  th a n  th e  su rro u n d in g  a r e a s .  The 
so u th  f a c e  a ls o  i s  r e l a t i v e l y  snow f r e e .  The n o rth w es t f a c e ,  on th e  
o th e r  hand, i s  u s u a l ly  covered  w ith  a  heavy  b la n k e t  o f  snow d u r in g  th e  
w in te r  when th e  d e e r  a r e  on th e  r id g e .  A ll th r e e  o f  th e s e  f a c e s  w ere 
in c lu d e d  i n  th e  s tu d y  a r e a .
Two key a r e a s ,  chosen  on th e  b a s i s  o f  maximum d e e r  u t i l i z a t i o n ,  
w ere lo c a te d  on th e  r id g e  (F ig u re  2 ) ,  The low er key a re a  i s  on th e  
so u th  f a c e ;  th e  u p p er key a re a  f a c e s  s o u th e a s t .
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2 rai.
C ontour i n t e r v a l  -  500 f t .  
T h is raap i s  b ased  on 
a  p o r t io n  o f a  U .S .G .S . 
raap o f  Bonner 
Q uadrangle,
F ig u re  1 , R a tt le s n a k e  Creek D ra in ag e  i n  th e  v i c i n i t y  o f  th e  
s tu d y  a r e a .  % e  o u t l in e d  s e c t io n  c o n ta in s  Wallman R idge,


















® S o i l  P i t
F ig u re  2. Wa.llmau R idge s t udy  a r e a ,  based  on 1955 S o il  C o n se rv a tio n  
S e rv ic e  a e r i .a l  p h o to g rap h s .
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Topography. The r id g e  on w hich th e  s tu d y  a re a  i s  lo c a te d  r i s e s  
from  4 ,0 0 0  to  5»500 f e e t  i n  e le v a t io n .  The lo w er f a c e s  o f  th e  r id g e  
a r e  s te e p ,  r i s i n g  500 f e e t  o u t o f  th e  s tream  bottom  a t  an a n g le  o f  
a b o u t 30°. The low er m ile  and o n e -h a lf  o f  th e  r id g e  to p  i s  o f a 
f a i r l y  u n ifo rm  e le v a t io n ,  r i s i n g  o n ly  ab o u t two hundred  f e e t .  The 
u p p e r o n e -h a lf  m ile  o f  th e  r id g e  to p  i s  a g a in  s te e p .
Geology.  Land form s i n  th e  R a tt le s n a k e  a re a  f u r n i s h  c o n s id e r ­
a b le  ev id en ce  o f  g l a c i a t i o n .  A iden (1953) in d ic a t e s  t h a t  th e r e  has 
been  a  s e r i e s  o f  p e r io d s  o f  g l a c ia t io n  in  th e  h i l l s  above th e  s tu d y  
a r e a ;  i n  th e  W isconsin  s ta g e  o f  g l a c ia t io n ,  th e  R a tt le s n a k e  g l a c ie r  
came down to  a  p o in t  p a r a l l e l  t o  th e  n o r th  boundary o f  th e  w in te r  
ra n g e , A te rm in a l  m orain  i s  p r e s e n t  a s  ev id en ce  o f  th e  downward 
e x te n s io n  o f  t h i s  g l a c i e r .  Lake M isso u la  i s  b e lie v e d  to  have ex tended  
up to  th e  base  o f  th e  g l a c i e r  so th e r e f o r e  th e  r id g e  we a re  now w orking 
on m ust have ex tended  o u t i n to  th e  la k e  a s  an arm.
The rock  p a re n t  m a te r ia l  on Wallman Ridge i s  o f  th e  B e lt  S e r ie s  
(N elson  and D o b e ll, 1959; 1 9 6 1 ). Newland lim e s to n e , a  g ray , la m in a te d , 
sandy and a r g i l la c e o u s  l im e s to n e  w ith  m inor amounts o f  im pure a r g i l l i t e  
and im pure q u a r t z i t e ,  i s  th e  p a re n t  m a te r ia l  f o r  th e  lo w er p o r t io n  o f  
Wallman R idge. The u p p e r end o f  th e  w in te r  ran g e  h as a d i f f e r e n t  
p a re n t  m a te r i a l .  I t  i s  composed o f  Bonner q u a r t z i t e ,  a  p in k  c r o s s ­
bedded f e l s p a t h i c  q u a r t z i t e ,  s e p a ra te d  from  th e  Newland l im e s to n e  by 
th e  S p rin g  Gulch F a u l t .
C lim ate , d im a to lo g ic a l  d a ta  a r e  a v a i la b le  from  re c o rd s  o f  th e  
M isso u la  County A irp o r t  w e a th e r  s t a t i o n .  The a i r p o r t  i s  lo c a te d  ab o u t 
t e n  a i r  m ile s  from  Wallman R idge a t  3190 f e e t  e le v a t io n .  Wallman Ridge
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te m p e ra tu re s  a r e  p ro b ab ly  soraevAiat lo w e r and th e  amount o f  p r e c i p i t a t i o n  
h ig h e r  th a n  th e  fig^jores from  th e  a i r p o r t  w ea th e r s t a t i o n .
M issou la  r e c e iv e s  betw een tw e lv e  and f i f t e e n  in c h e s  o f  p r e c i p i t a ­
t i o n  a n n u a lly . The av e rag e  from  I 905 to  I 96I  i s  I 3 .86  in c h e s .  The 
h e a v ie s t  p r e c i p i t a t i o n  i s  r e c e i v e  d u r in g  May and June w ith  an  av erag e  
r a i n f a l l  o f  a b o u t two in c h e s  i n  each  o f  th e s e  m onths. A pproxim ately  
f i v e  in c h e s  o f  p r e c i p i t a t i o n  f a l l s  betw een November and A p ril  a s  snow. 
Mean an n u a l sn o w fa ll i s  38 in c h e s  a t  M isso u la  County A irp o r t ,  As a 
com parison , d u r in g  th e  I 96O-6I  w in te r ,  4 4 .6  in c h e s  o f  snow was rec o rd ed  
and d u r in g  th e  1961=62 w in te r ,  57-3  in c h e s  f e l l .
T em peratu res ran g e  from  a b o u t 40® F. to  -1 0 °  F. d u rin g  th e  
w in te r  m onths and i n  th e  summer i t  may o c c a s io n a l ly  re a c h  100° F . , b u t 
t h i s  i s  uncommon. The growing seaso n  i s  ab o u t 137 days from th e  l a s t  
s p r in g  f r e e z e  u n t i l  th e  f i r s t  f a l l  f r e e z e .
The snow d e p th  on th e  S tu a r t  Peak snow c o u rs e , 3& m ile s  n o r th  
o f  th e  s tu d y  a re a  a t  7,^00  f e e t  e le v a t io n  was e ig h ty = fo u r  in c h e s  on 
March 31» 19^2 (Codd and F a m e s , I 962 ) .  The av e rag e  snow w a te r c o n te n t  
on t h i s  snow c o u rse  i s  t h i r t y - t h r e e  in c h e s .  In  1938, Mr. K. L. W hite 
e s t im a te d  t h a t  th e r e  was te n  in c h e s  o f  summer p r e c i p i t a t i o n  in  th e  
S tu a r t  Peak a re a  and t h i s  e s t im a te ,  added to  th e  snow w a te r c o n te n t ,  
r e s u l t s  i n  an e s t im a te d  a n n u a l p r e c i p i t a t i o n  o f  ab o u t f o r t y - t h r e e  
in c h e s .
The e s tim a te d  f o r t y - t h r e e  in c h e s  o f  r a i n f a l l  a t  7 ,400  f e e t  
e le v a t io n  and th e  r a i n f a l l  o f  a b o u t fo u r te e n  in c h e s  a t  3,190  f e e t  
e le v a t io n  in d ic a te s  t h a t  a c o n s id e ra b le  r a i n f a l l  g r a d ie n t  i s  p r e s e n t ,  
Wallman R idge, a t  ab o u t 5 ,000  f e e t  e le v a t io n ,  would th e r e f o r e  f a l l
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somewhere i n  betw een th e  two e x trem es , p ro b ab ly  around 20 to  25 in c h e s .
S o i l s . F iv e  s o i l  p r o f i l e s ,  lo c a te d  on la n d f orras c o n s id e re d  
r e p r e s e n ta t iv e  o f  th e  s tu d y  a r e a ,  w ere d e s c r ib e d  and sam pled. The
s o i l  p i t  lo c a t io n s  a r e  shown i n  F ig u re  3* T able  22, Appendix A,
p r e s e n ts  th e  d a ta  o b ta in e d  from  th e s e  s o i l  sam ples. P r o f i l e  d e s c r i p t ­
io n s  a r e  a ls o  in c lu d e d  in  Appendix A. The s o i l s  a r e  c l a s s i f i e d  a s
members o f  th e  m inim al g ray  woodai g r e a t  s o i l  g roup . They a re  
c h a r a c te r iz e d  by an A2 h o r iz o n  o v e r ly in g  a  B h o riz o n  t h a t  d e m o n s tra te s  
v e ry  l i t t l e  ev id en ce  o f  c la y  movement. The s o i l  t e x tu r e s  o f  th e  s o i l s  
from  b o th  p a re n t  m a te r ia ls  a r e  u n ifo rm ly  sandy loam s o r  loam s.
T here a r e  two s o i l  s e r i e s  p r e s e n t  on th e  s tu d y  a re a .  The 
l im e s to n e  s o i l s  a r e  s im i la r  to  th e  H u g h sv ille  s e r i e s  and on th e  upper 
p o r t io n  o f  th e  a r e a ,  i n  th e  q u a r t z i t e ,  th e  s o i l s  a p p ea r to  be r e l a t e d  
to  th e  G arnet s e r i e s .  The s o i l s  can  o n ly  be s a id  to  be s im i la r  to  
th e s e  s e r i e s  a s  t h e i r  c l a s s i f i c a t i o n  h a s  n o t been e s ta b l is h e d  o f f i c i a l l y .
V e g e ta tio n . W hite (1958) r e p o r t s  th e  v e g e ta t io n  o f  th e  low er 
R a tt le s n a k e , betw een 4 ,000  to  a b o u t 5»500 f e e t  e le v a t io n ,  i s  th e  
P seudo tsuga  ta x i f o l ia /P h y s o c a rn u s  m alv a c eus p la n t  a s s o c ia t io n  
(Daubenm ire, 1 9 5 2 ). This i s  e s s e n t i a l l y  c o r r e c t ;  how ever, th e  
v e g e ta t io n  on th e  d r i e r  s i t e s  i n  t h i s  zone co rresp o n d  to  th e  P inus 
p o n d ero sa /P h y so o arp u s m alv a c eus a s s o c i a t io n .
On th e  s tu d y  a r e a  th e  p r i n c i p a l  t r e e  s p e c ie s  a r e  D ouglas f i r  
( P seudo tsuga  m e n z ie s i i ) and pon d ero sa  p in e  (P inus p o n d ero sa ) , G e n e ra lly , 
p o n d ero sa  p in e  i s  th e  m ost common o f  th e  two s p e c ie s  on th e  so u th  and 
s o u th e a s t  s lo p e s .  D ouglas f i r  i s  th e  p redom inan t s p e c ie s  on th e  
n o r th w e s te rn  f a c e .
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I n  th e  burned  a re a ,  th e  p r in c ip a l  browse s p e c ie s  a r e  snowbrush 
and n in e b a rk . S e rv ie e b e rry  (A m elanchier a l n i f o l i a ) , c h o k ech erry  ( Prunus 
v l r g in i a n a  v a r .  d e m issa ) ,  snow berry  ( Sym phoricarpos a lb u s ) and s p i r a e a  
(S p ira e a  b e t u l i f o l i a  v a r ,  l u c i d a ) a r e  o th e r  im p o r ta n t sh ru b  s p e c ie s ,  
C hokecherry  i s  uncommon on th e  n o r th w e s t f a c e  and th e  amount o f  
snow brush d e c re a s e s  c o n s id e ra b ly  i n  th e  h ig h  t r e e  d e n s i ty  a r e a s .
E lk  sedge (Carex g e y e r i ) and b lu e  bunch w h ea tg rass  (Agropyron 
sp ica tu rn ) a r e  th e  f i r s t  and second m ost abundan t s p e c ie s  i n  th e  g ra s s  
and h e rbaceous p la n t  c l a s s ,
A p l a n t  l i s t  f o r  th e  s tu d y  a re a  i s  p re s e n te d  in  Appendix C, 
A b b re v ia tio n s  u sed  i n  some o f  th e  t a b l e s  a r e  i d e n t i f i e d  on t h i s  l i s t .
A ll common and s c i e n t i f i c  names a r e  ta k e n  from  H itchcock  (1950),  D avis 
(1955 ),  and H itch co ck , e t  a l ,  (1955).
H is to ry , In  1919 a  f i r e  burned  th e  low er p o r t io n  o f  th e  R a t t l e ­
snake d ra in a g e , in c lu d in g  Wallman R idge, On Wallman Ridge th e  f i r e  
k i l l e d  m ost o f  th e  t r e e  v e g e ta t io n ,  b u t l e f t  s c a t t e r e d  clumps o f  
p o n d ero sa  p in e  and D ouglas f i r  w hich have su rv iv e d . These clum ps a re  
g e n e ra l ly  sm a ll, u s u a l ly  c o n ta in in g  o n ly  a  few  t r e e s ,  ex cep t f o r  one 
t r a c t  o f  ab o u t 140 a c re s  lo c a te d  n e a r  th e  upper end o f  th e  w in te r  ran g e . 
T his s ta n d  was p red o m in an tly  D ouglas f i r  and w e s te rn  l a r c h  (L a r ix  
o c c i d e n t a i l s ) w ith  g rand  f i r  (A bies g r a n d is ) o c c u rr in g  in  l e s s e r  
abundance. R ecords o f  th e  0 . S , F o re s t  S e rv ic e  and in te rv ie w s  w ith  
F o r e s t  S e rv ic e  p e rso n n e l and r e s id e n t s  o f th e  a re a  in d ic a te  t h a t  no 
o th e r  m ajo r f i r e s  have o c c u rre d  i n  t h i s  p o r t io n  o f  th e  R a tt le s n a k e  
d ra in a g e  s in c e  I 9OO, From th e s e  in te rv ie w s  and from  f i e l d  o b s e rv a t io n s ,  
i t  a p p e a rs  t h a t  b e fo re  th e  f i r e  Wallman R idge was tim b e red  p r i n c i p a l l y
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w ith  D ouglas f i r  and ponderosa  p in e .
G razing  by d o m estic  l iv e s to c k  i n  th e  R a tt le s n a k e  d ra in a g e  i s  
l im i te d  to  a  sm a ll number o f  c a t t l e  i n  a  p a s tu re  a t  th e  mouth o f  S pring  
C reek w hich i s  o u ts id e  th e  w in te r  ran g e  a r e a .  O ther c a t t l e  a r e  o f te n  
seen  i n  th e  c re e k  bo ttom s on each s id e  o f  th e  r id g e ,  b u t a c c o rd in g  to  
Mr, R, K in c a id , Montana Power Company f o r e s t e r ,  no g raz in g  p e rm its  a r e  
is s u e d  f o r  any a re a  o u ts id e  th e  sm all p a s tu r e .  The c a t t l e  seen  o u ts id e  
th e  p a s tu r e  a re  t r e s p a s s in g .  The c a t t l e  ro n a in  on th e  c re ek  bottom  f o r  
th e  m ost p a r t  and th e r e  i s  no ev id en ce  o f  c o m p e titio n  betw een th e  cows 
and th e  m ule d e e r .
W hite (1958 ) n o te s  t h a t  th e r e  w ere s e v e ra l  f a m i l i e s  t h a t  home­
s te a d e d  p o r t io n s  o f  th e  lo w er R a tt le s n a k e  V a l l ^ ;  th e  rem ains o f  fo u r  
o r  f i v e  o f  th e s e  hom esteads can be seen  i n  th e  c re e k  bottom s around  
Wallman R idge. The M ontana Power Company pu rchased  th e s e  h o ld in g s  and 
t h i s  company now owns p r a c t i c a l l y  a l l  o f  th e  la n d  i n  th e  d ra in a g e  t h a t  
does n o t be long  to  th e  Ü. S , F o re s t  S e rv ic e . The Montana Power Company 
owns th e  f o u r  s e c t io n s  w ith in  w hich th e  s tu d y  a re a  i s  lo c a te d .
The hom esteaders ra n  a  few  c a t t l e  and c u t some tim b e r, b u t i t  i s  
b e lie v e d  t h a t  th e y  had l i t t l e  e f f e c t  on th e  b ig  game ra n g e . The c a t t l e  
t h a t  th e y  owned w ere p a s tu re d  i n  th e  c re e k  bo tto m s. There i s  no 
e v id e n ce  t h a t  any  o f  th e s e  h om esteaders p r a c t ic e d  lo g g in g  on a 
com m ercial s c a le .  T here i s  ev id en ce  from  stum ps t h a t  some t r e e s  were 
c u t  p r i o r  t o  1919 b u t th e s e  a r e  o n ly  s c a t t e r e d  stum ps and i t  i s  b e lie v e d  
t h a t  th e  lo g g in g  was m ain ly  l im i te d  t o  b u i ld in g  m a te r i a l s ,  fe n c e  p o s ts ,  
r a i l s ,  e tc .
W hite (1958 ) m en tions t h a t  i n  1956 an a re a  i n  th e  low er p o r t io n
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
11
o f  th e  R a tt le s n a k e  was logged  by th e  Montana Power Company, T h is  a re a  
i s  on Wallman R idge and i t  i s  th e  140 a c re  s ta n d  o f  t r e e s  t h a t  su rv iv e d  
th e  1919 f i r e .  The lo g g in g  o p e ra t io n  was a  s e l e c t i v e  c u t  o f  w e s te rn  
l a r c h  and D ouglas f i r .  The lo g g in g  opened th e  t r e e  canopy somewhat b u t 
i t  had l i t t l e  o v e r a l l  e f f e c t  on in c r e a s in g  th e  d e e r  ra n g e . Some t r e e s  
w ere so s c a t t e r e d  t h a t  t h e i r  rem oval had l i t t l e  e v id e n t e f f e c t  on i n ­
c re a s in g  th e  d e e r  ra n g e . Some t r e e s  w ere so  s c a t t e r e d  t h a t  t h e i r  r e ­
moval had l i t t l e  e v id e n t e f f e c t  on in c r e a s in g  th e  browse s p e c ie s .  In  
th e  more dense  s ta n d s ,  th e  rem ain ing  t r e e s  s t i l l  p ro v id e  enough shade 
to  p re v e n t th e  s u n l ig h t  from  p e n e t r a t in g  th rough  in  h ig h  enough in ­
t e n s i t i e s  to  have a  s i g n i f i c a n t  e f f e c t  on th e  snow co v er in  th e  w in te r .  
Logging d id  cau se  an in c r e a s e  i n  th e  browse p la n t s  in  th e s e  d en se  
s ta n d s ,  how ever.
A nother o f  th e  e f f e c t s  o f  lo g g in g  was t h a t  th e  lo g g in g  ro ad s  made 
th e  a re a  more a c c e s s ib le  f o r  h u n te r s .  There i s  a  sm a ll r e s id e n t  he rd  
o f  m ule d e e r  and a  somewhat l a r g e r  h e rd  o f  t r f i i t e ta i l e d  d e e r  CO doooileus 
v i r g in i a n u s ) .  These a r e  h e a v i ly  hu n ted  i n  th e  f a l l .  T his a re a  i s  easy  
to  h u n t from  v e h ic le s ,  s in c e  th e  r id g e  has a  road  on each s id e  o f  i t .  
W ith in  th e  p a s t  two y e a r s ,  th e  h u n te r s  have developed  a  t r a i l  o v e r th e  
r id g e  to p  so th e y  can  d r iv e  a l l  o f  th e  way around th e  a re a .  H unting  i s  
m ain ly  l im i te d  to  th e  lo g g in g  ro a d s , b u t th e  open n a tu re  o f  th e  
v e g e ta t io n  p e rm its  a  h u n te r  t o  se e  a c o n s id e ra b le  d is ta n c e  and t h i s  
m ethod i s  q u i te  e f f e c t i v e .
The d e e r  h u n tin g  seaso n  f o r  th e  a re a  in c lu d in g  R a tt le s n a k e  Creek 
u s u a l ly  ru n s  from mid O ctober to  raid November (Wi-iite, 1958 ). The bag 
l i m i t  was one d e e r  from  19^5 u n t i l  1956 and an e i t h e r  sex  season  began
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in  1952  when th e  l a s t  two weeks o f th e  season  w ere open to  does a s  
w e ll  a s  b u ck s . S ince  1955 th e  e n t i r e  seaso n  h as  been f o r  e i t h e r  sex  
and from  1957 th ro u g h  I 96O th e  bag l i m i t  was two d e e r .  In  I 96I  th e  bag 
l i m i t  was reduced  to  one o f  e i t h e r  sex .
D uring  th e  d e e r  se a so n , o n ly  th e  r e s id e n t  d e e r  a re  p r e s e n t  on th e  
Wallman R idge w in te r  ran g e  and th e  w in te r  he rd  i s  p resum ably  on th e  
tim b ered  m ountain  r id g e s  above Wallman R idge. I t  i s  n o t u n t i l  mid 
December t h a t  some a n im a ls  a p p ea r on th e  w in te r  ran g e  (B a ile y , I 96O).
The amount o f  h u n tin g  p re s s u re  on th e  m ule d e e r  i s  n o t d i r e c t l y  
m easu rab le . Much o f  th e  a re a  o f  th e  u p per R a tt le s n a k e  where th e  d e e r  
a r e  th o u g h t to  spend th e  summer i s  i n  r o a d le s s ,  m ountainous c o u n try . 
Logging ro ad s  have p ro v id ed  a c c e ss  to  th e  lo w er p o r t io n s  o f th e  ran g e  
b u t m ost o f  th e  upper R a tt le s n a k e  a re a  i s  o n ly  a c c e s s ib le  by t r a i l .  In  
1957 and i n  1958, W hite (1958) e s tim a te d  from h u n te r  check ing  s t a t i o n  
re c o rd s  t h a t  se v en ty  and s i x t y  m ule d e e r  r e s p e c t iv e ly  were ta k e n  in  
th e  R a tt le s n a k e  Creek d ra in a g e . These sam ples in c lu d e d  d e e r  ta k e n  from  
p o p u la tio n s  o th e r  th a n  th e  one s tu d ie d  on Wallman R idge. No o th e r  
r e c o rd s  o f  th e  k i l l  in  t h i s  d ra in a g e  a r e  a v a i la b le .  The d i s t r i b u t i o n  
a t  ages in  th e  k i l l  su g g e s ts  a  l i g h t  h u n tin g  h a rv e s t .
As th e  d e e r  h u n tin g  seaso n  i s  c lo se d  when th e  main herd  o f  m ule 
d e e r  moves down on to  Wallman R idge, th e  b u lk  o f  th e  w in te r  m ule d e e r  
p o p u la t io n  i s  u n a f fe c te d  by th e  a c c e s s i b i l i t y  o f  th e  w in te r  ran g e  to  
h u n te r s ,  B a iley  (19^0) m en tions t h a t  d u r in g  th e  w in te r  m onths t h i s  
p o r t io n  o f  th e  R a tt le s n a k e  d ra in a g e  i s  u sed  by r e c r e a t i o n i s t s  f o r  a 
h ik in g  and t a r g e t  p r a c t ic in g  a re a  on week en d s. A lso , th e r e  i s  some u se  
made o f  th e  a re a  by p re d a to r  h u n te r s  who t r a p  and c a l l  b o b ca ts  and
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c o y o te s . Most u se  i s  r e s t r i c t e d  to  th e  ro ad s  i n  th e  c re ek  bo tto m s, 
how ever, and seldom  do p e o p le  w alk down th e  r id g e  i t s e l f  d u r in g  th e  
w in te r  m onths.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
METHODS
D uring  th e  w in te r  o f  1959-60 a p re l in i in a iy  s tu d y  was made on th e  
lo w er key a re a  o f  th e  Wallman Ridge w in te r  ran g e . The p u rpose  o f th e  
s tu d y  was to  f a m i l i a r i z e  th e  a u th o r  wi.th fo ra g e  p ro d u c tio n  and u t i l i ­
z a t io n  problem s and f i e l d  te c h n iq u e s  i n  sam pling  brow se. When th e  s tu d y  
was i n i t i a t e d ,  th e  p a t t e r n  o f  c o n c e n tra t io n  on th e  w in te r  ran g e  was n o t 
co m p le te ly  known. D uring th e  w in te r  o f  1958-59» th e  d e e r  c o n c e n tra te d  
on th e  lo w er key a re a ,  b u t  d u r in g  th e  w in te r  o f  th e  p re l im in a ry  s tu d y , 
th e r e  was v e ry  l i t t l e  c o n c e n tra t io n  on t h i s  lo w er s tu d y  a re a  (B a ile y , 
i 960 ) .  A nother c o n c e n tra t io n  a re a  was lo c a te d  a p p ro x im ate ly  one m ile  
n o r th  o f  th e  low er key a re a .
These two key a re a s  w ere s tu d ie d  in te n s iv e ly  d u r in g  th e  w in te rs  
o f  1960-61  and I 96I - 62 , The e n t i r e  w in te r  ran g e  was a ls o  in c lu d e d  in  
th e  s tu d y  a lth o u g h  th e  p ro d u c tio n  and u t i l i z a t i o n  o b se rv a tio n s  were 
l e s s  in te n s iv e  on th e  a re a s  o u ts id e  o f  th e  key a re a s .
B efo re  sam pling  th e  e n t i r e  w in te r  ran g e  i t  was d ec id ed  t h a t  th e  
ra n g e  would have to  be su b d iv id ed  in to  v a r io u s  ty p e s  to  form a  b a s i s  f o r  
com paring th e  d i f f e r e n c e s  in  p la n t  and an im al d i s t r i b u t i o n .  W ith t h i s  
i n  m ind, th e  v e g e ta t io n  on Wallman R idge was typed  on a e r i a l  pho tog raphs 
and th e n  mapped a c c o rd in g  to  th e  p ro ce d u re s  d e sc r ib e d  by Brown (1 9 5 ^ ), 
U sing d i f f e r e n c e  i n  t r e e  com positio n  and d e n s i ty ,  th e  w in te r  range  was 
d iv id e d  in to  seven ty p e s  o r  a re a s  (F ig u re  3 ) .  Area one, an  open sh rub  
ty p e  w ith  o n ly  s c a t t e r e d  t r e e s ,  was f u r t h e r  d iv id e d  i n to  seven su b ty p es  
m aking a t o t a l  o f  I 3 a re a s  to  be sam pled (F ig u re  4 ) ,  D if fe re n c e s  in  
sh ru b  d e n s i ty  p ro v id ed  th e  c r i t e r i a  f o r  th e  s u b d iv is io n  o f  a re a  1 ,
14
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1*
* The number o f  th e  ty p e  
i s  d i r e c t l y  r e l a t e d  
to  th e  t r e e  d e n s i ty .
F ig u re  3 . The seven v e g e ta t io n  ty p e s  on Wallman R idge, I 96I ,
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1 /2  mi
F ig u re  4 .  The seven v e g e ta t io n  su b ty p es  in  Area 1 o f  Wallman 
R idge, 1961 .
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I n  o rd e r  t o  f u l f i l l  th e  o b je c t iv e s  o f  th e  s tu d y , th e  fo llo w in g  
d a ta  had t o  be g a th e re d ;
1 . T ree abundance in  1919 and i n  196 l .
2 . B o ta n ic a l co m p o sitio n .
3 . P ro d u c tio n  o f  brow se,
4". U t i l i z a t i o n  o f  brow se.
5 . Deer p o p u la tio n  s i z e .
I n  a d d i t io n ,  th e  form  c la s s  o f  s e rv ic e b e r ry  and ch o k ech erry  u se  was 
s tu d ie d  to  g iv e  an i n d ic a t io n  o f  th e  p a s t  p a t t e r n  o f  u se  on th e  w in te r  
ra n g e . Food h a b i t  in fo rm a tio n  was o b ta in e d  from  a  s e r i e s  o f  rumen 
sam ples c o l le c te d  i n  1958 by D r. R. D. Taber and Mr. K. L. W hite (W hite, 
1 9 58 ). Forage sam ples from  th e  f a l l  and s p r in g  o f  each y e a r  o f  th e  
s tu d y  w ere an a ly zed  f o r  c ru d e  p r o te in ,  e th e r  e x t r a c t ,  c ru d e  f i b e r  and 
phospho rus. The th r e e  p r i n c i p a l  w in te r  fo o d s , s e rv ic e b e r ry ,  ch o k ech erry  
and snow brush were in c lu d e d  in  t h i s  a n a ly s i s .
F o r g a th e r in g  f i e l d  d a ta ,  te n  p o in ts  in  each ty p e  and sub type  
w ere random ly chosen . The random p o in ts  w ere p ick ed  by p la c in g  a  d o t 
g r id  o v e r th e  a re a  to  be sam pled; c o u n tin g  th e  number o f  d o ts  i n  th e  
a r e a ;  o b ta in in g  te n  numbers from  a  t a b l e  o f  random num bers, th e  h ig h e s t  
randœ i number n o t to  exceed th e  t o t a l  number o f  d o ts ;  and lo c a t in g  th e  
p o s i t io n  o f  each random p o in t  on an a e r i a l  p h o tog raph . These p o in ts  
w ere su b se q u e n tly  lo c a te d  i n  th e  f i e l d .  More p o in ts  were lo c a te d  when» 
e v e r  i t  was n e c e ssa ry  to  in c r e a s e  sam ple s i z e .  T h is was th e  c a se  
r e g a rd in g  th e  key a re a s  and , a l s o ,  i n  th e  c a se  o f  th e  t r e e  abundance 
sam ple .
T ree abundance. The p o in t  c e n te re d  q u a d ra t method (Cottarn and
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C u r t i s ,  1956 ) was used  to  m easure th e  abundance o f  th e  t r e e  v e g e ta t io n .  
U sing te n  p o in ts ,  th e  d is ta n c e  to  th e  c lo s e s t  l i v i n g  t r e e  i n  each 
q u a r t e r  o f  th e  a re a  su rro u n d in g  th e  sam ple p o in t  was rec o rd ed  by- 
s p e c ie s ,  T rees w ere sam pled w ith o u t re g a rd  to  age o r  s i z e .  The age 
o f  each  t r e e  was d e te rm in ed  by c o u n tin g  b ranch  w horls  o r ,  i n  th e  c a se  
o f  o ld e r  t r e e s ,  by  in c rem en t b o r in g s . T h is in fo rm a tio n  was u sed  to  
o b ta in  th e  number o f  t r e e s  p e r  a c r e ,  th e  a v erag e  age o f  th e  t r e e s  and 
th e  s p e c ie s  c o m p o s itio n .
The c h a r re d  stum ps and f a l l e n  t r e e s  were used  to  o b ta in  s im i la r  
in fo rm a tio n  on th e  abundance o f  t r e e s  p r i o r  to  th e  1919 f i r e .  The 
stum ps o f  th e  t r e e s  t h a t  were p r e s e n t  when th e  f i r e  o ccu rred  a re  
abundan t th ro u g h o u t th e  a re a  and in  m ost c a s e s , th e y  a re  s t i l l  e r e c t .
I t  i s  b e lie v e d  t h a t  a m easure o f  th e s e  stum ps and b o le s  p ro v id e d  a  
r e l a t i v e l y  a c c u ra te  p ic tu r e  o f  th e  t r e e s  p r e s e n t  b e fo re  1919* The 
d i s ta n c e  to  th e  n e a r e s t  stump in  each  q u a r t e r  was reco rd ed  a lo n g  w ith  
th e  s p e c ie s ,  th e  age and th e  d ia m e te r  a t  b r e a s t  h e ig h t  ( d . b . h . ) .  The 
a g es  w ere e a s i l y  d e te rm in ed  a s  th e  w e a th e rin g  p ro c e s s e s  o f  f o r t y  y e a r s  
f a c i l i t a t e d  c o u n tin g  th e  a n n u a l r in g s .  Some d i f f i c u l t y  was ex p e rien c ed  
i n  o b ta in in g  d ia m e te rs  a t  b r e a s t  h e ig h t ,  f o r  some o f  th e  t r e e s  were 
burned o f f  n e a r  th e  ground and o th e r s  had decomposed and f a l l e n  away 
u n t i l  th e y  were no lo n g e r  f o u r  and one h a l f  f e e t  h ig h . In  t h i s  c a se  th e  
d ia m e te r  was m easured a t  w h a tev er l e v e l  p o s s ib le  and th e  d .b .h .  was 
e s t im a te d . D iam eters w ere re c o rd e d  to  th e  n e a r e s t  in c h .  An e x c e p tio n  
was made i n  th e  ca se  w here th e r e  was a t r e e  o v e r f o r t y  y e a rs  o f  age 
c lo s e r  t o  th e  p o in t  th a n  a  stum p. Then t h i s  t r e e  was assumed to  have 
been  p r e s e n t  i n  1919 o r  e a r l i e r ,  and th e  m easurem ents f o r  th e  l i v i n g
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
19
t r e e  w ere re c o rd e d  r a t h e r  th a n  th e  stump v a lu e s .  The d .b .h .  and age o f  
th e  t r e e  f o r t y  y e a rs  ago was e s tim a te d  from  in crem en t b o r in g s . From 
t h i s  d a ta  c a l c u la t io n s  were made ( f o r  1919 ) on th e  number o f t r e e s  
p r e s e n t  p e r  a c r e ,  b a s a l  a re a  p e r  a c r e ,  and a v erag e  age o f  th e  t r e e s .  
A f te r  th e  c a lc u la t io n s  were made, i t  was d ec id ed  t h a t  more sam ples were 
needed in  some a r e a s ,  so f i v e  more p o in ts  were lo c a te d  i n  each o f s ix  
a r e a s .  A d d itio n a l d a ta  w ere g a th e re d  g iv in g  th e s e  a re a s  f i f t e e n  
sam ple p o in ts  r a t h e r  th a n  te n .
B o ta n ic a l co m p o s itio n . The v e g e ta t io n  was sam pled u s in g  e q u a lly  
spaced  p o in ts  a lo n g  a  lO O -foo t t r a n s e c t  (Brown, 1 9 5 ^s L arso n , 1 9 5 8 ). A 
plumb bob o r  w ire  p in  was dropped from  each fo o t  mark and o b s e rv a t io n s  
w ere made on p la n t  s p e c ie s ,  l i t t e r ,  b a re  ground and ro c k . Any p o in t  
i n s id e  th e  b a s a l  a re a  o f  a  p l a n t  o r  an  a c tu a l  h i t  on th e  crown was 
c o n s id e re d  a  h i t .  P e rc e n t coverage  v a lu e s  were computed f o r  each 
s p e c ie s  p r e s e n t  on th e  t r a n s e c t s .
The t r a n s e c t s  w ere p lac ed  a t  r i g h t  a n g le s  to  th e  c o n to u r and th e  
ze ro  end was p lac ed  a t  th e  random ly lo c a te d  p o in t .  Ten t r a n s e c t s  were 
l a i d  o u t  i n  each ty p e  and su b ty p e .
Browse p ro d u c tio n . Two m ethods w ere used  to  c o l l e c t  in fo rm a tio n  
on brow se p ro d u c tio n . P lo ts  w ere c lip p e d  and w eigh ted  to  g e t  p ro d u c tio n  
on th e  key a re a s  and on th e  r e s t  o f  th e  w in te r  ra n g e , browse p ro d u c tio n  
was d e te rm ined  u s in g  v i s u a l  e s t im a te s .  D ata was o b ta in e d  f o r  two y e a r s ,  
i 960 , and 1961 . Work began in  O ctober and was com pleted a p p ro x im a te ly  
Ja n u a ry  f i r s t  each  y e a r .
On th e  two key a r e a s ,  c l ip p in g s  o f  th e  annual growth o f  snow­
b ru sh , s e r v ic e b e r ry ,  ch o k ech erry  and n in e b a rk , th e  fo u r  main sh ru b
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s p e c ie s ,  w ere c o U ec ted o  Tbe stem s o f  snow brush w ere c lip p e d  down to  a  
d ia m e te r  o f  f i v e  m il l im e te r s  s in c e  ev id en ce  o f  c u r r e n t  grow th i s  n o t 
a p p a re n t  on t h i s  s p e c ie s .
Two hundred p l o t s  were c lip p e d  on th e  u p p er key a re a  and th r e e  
hundred  p l o t s  w ere c lip p e d  on th e  lo w er key  a r e a .  Each p lo t  was th r e e  
f e e t  i n  le n g th  and one and o n e - th i r d  f e e t  w ide . T his s i z e  and shape was 
chosen  a f t e r  e x p e rim en tin g  w ith  s e v e ra l  shapes and s i z e s .  Daubenmire 
(1959 ) recommends e lo n g a te , two d im ension  ty p e  p lo ts  f o r  v e g e ta t io n  
sam pling  and th e  fo u r  sq u a re  f e e t  s i z e  was de te rm in ed  to  be a d eq u a te  f o r  
th e  ty p e  and d e n s i ty  o f  th e  v e g e ta t io n  and s t i l l  n o t to o  l a r g e  to  c l i p  
i n  a  re a so n a b le  le n g th  o f  tim e .
Each y e a r  o f  th e  s tu d y  tw en ty  and t h i r t y  random p o in ts  were 
lo c a te d  on th e  u p p e r and low er key a r e a s ,  r e s p e c t iv e ly ,  a s  p o in ts  from 
w hich to  d i s t r i b u t e  th e  p ro d u c tio n  p l o t s .  From each p o in t  a  100 fo o t  
ta p e  was p lac ed  a t  r i g h t  a n g le s  to  th e  c o n to u r and a  tagged  i r o n  s ta k e  
was p lac ed  a t  each end o f  th e  t r a n s e c t  covered  by th e  ta p e . Ten p lo ts  
w ere p lac ed  a lo n g  each t r a n s e c t  a t  te n  f o o t  i n t e r v a l s  and th e  v e g e ta t io n  
was c lip p e d  in  each . The v e g e ta t io n  was s e p a ra te d  in to  a v a i la b le  and 
u n a v a i la b le ,  u n a v a i la b le  b e in g  th e  p o r t io n  o f  th e  p la n t  above s i x  f e e t .  
No low er l i m i t  was p la c e d  on th e  a v a i l a b i l i t y  a s  th e  d e e r  paw away th e  
snow to  g e t  a t  snow -covered p l a n t s .
The c l ip p in g s  were oven d r l e i  a t  low  te m p e ra tu re  (1300-140° F . ) 
u n t i l  th e y  ceased  to  lo s e  w e ig h t and th e n  th e y  w ere weighed to  th e  
n e a r e s t  0 .1  gram.
On th e  key a re a s  th e  p ro d u c tio n  o f  th e  browse sp e c ie s  o th e r  th a n  
s e r v ic e b e r r y ,  ch o k ech erry , snowbrush and n in e b a rk  and th e  p ro d u c tio n  o f
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brow se on th e  p o r t io n s  o f  th e  w in te r  ran g e  o u ts id e  th e  key a re a s  was 
e s t im a te d  u s in g  th e  method developed  by Pechanec and P ic k fo rd  (1 9 3 7 ). 
T h is sam ple was o b ta in e d  a s  soon a s  th e  a r e a  was f r e e  o f  snow i n  A p r i l ,  
1961 and A p r i l ,  I 962 . One hundred  p lo t s  w ere e s tim a te d  i n  each a re a ,  
t e n  t r a n s e c t s  p e r  a re a  and te n  p l o t s  e q u a l ly  spaced  a lo n g  each t r a n s e c t .  
Each p lo t  was a  c i r c l e ,  9 .6  sq u a re  f e e t  i n  a r e a .  T his s iz e  was chosen 
b ecau se  when th e  w e ig h t i n  grams o f  th e  fo ra g e  t h a t  o c cu rs  in  each  p lo t  
i s  m u l t ip l ie d  by te n ,  th e  r e s u l t i n g  v a lu e  i s  th e  w e ig h t i n  pounds p e r 
a c r e .
The g reen  w e ig h ts  w ere c o n v e rte d  to  d ry  w e ig h ts  u s in g  a f a c t o r  
t h a t  was d e te rm in ed  by d ry in g  a  s e r i e s  o f  browse sam ples a t  130° F, to  
140° F. and com puting th e  p e rc e n t  w a te r  l o s s .
Browse u t i l i z a t i o n . U t i l i z a t i o n  on th e  t o t a l  w in te r  ran g e  was 
e s tim a te d  on th e  same p l o t s  u sed  f o r  th e  p ro d u c tio n  e s t im a te s ,  Pechanec 
and P ic k fo rd * s  (1937) w e ig h t e s t im a te  method was used  and th e  g reen  
w e ig h ts  w ere co n v erted  t o  d ry  w e ig h ts  f o r  c la c u la t in g  th e  p e rc e n t 
u t i l i z a t i o n .
U t i l i z a t i o n  on th e  key a re a s  was de te rm in ed  by ta g g in g  and 
m easu ring  b ran ch es o f  snow brush, s e rv ic e b e r ry ,  ch o k ech erry  and n in eb a rk  
b e fo re  and a f t e r  th e  w in te r  u se  p e r io d . O ther s p e c ie s  were p r e s e n t  b u t 
th e y  w ere n o t in c lu d e d  b ecau se  o f  t h e i r  low  abundance and i r r e g u l a r  
d i s t r i b u t i o n .
Shrubs w ere p ick ed  u s in g  th e  same m arked, random p o in ts  chosen 
f o r  th e  p ro d u c tio n  c l i p  p l o t s .  The same 100 f o o t  t r a n s e c t  t h a t  was used  
f o r  g a th e r in g  p ro d u c tio n  d a ta  was u sed  t o  s e l e c t  th e  bushes f o r  
u t i l i z a t i o n  m easurem ents. The t r a n s e c t  was d iv id e d  in to  f iv e  2 0 - fo o t
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i n t e r v a l s  and one bush  o f  each s p e c ie s ,  i f  p r e s e n t ,  was tagged  in  each 
i n t e r v a l .  The sh ru b s  c lo s e s t  to  th e  ta p e  w ere s e le c te d  and i f  th e  ta p e  
w ent th ro u g h  o r  o v e r two sh ru b s  o f  th e  same s p e c ie s  i n  th e  same tw en ty  
f o o t  i n t e r v a l ,  th e  sh ru b  c lo s e s t  to  th e  zero  end o f  th e  ta p e  was chosen . 
To f a c i l i t a t e  r e lo c a t io n  o f  th e  sh ru b s , th e  bushes chosen had to  be 
w ith in  tw e n ty - f iv e  f e e t  o f  th e  ta p e . Thus, i t  was p o s s ib le  to  ta g  f i v e  
sh ru b s  o f  each s p e c ie s  in  each t r a n s e c t ,  making a  t o t a l  o f  tw en ty  sh ru b s 
p e r  t r a n s e c t .  The sh ru b  d i s t r i b u t i o n  was n o t co m p le te ly  even, however, 
and i n  many c a se s  n o t  a l l  tw en ty  sh ru b s  were tagged  on each t r a n s e c t .
On th e  u p p er key a r e a  where th e r e  were tw en ty  t r a n s e c t s ,  385 sh ru b s  were 
tag g ed  r a t h e r  th a n  400 and on th e  low er key a re a  where t h i r t y  t r a n s e c t s  
were e s ta b l is h e d ,  o n ly  333 sh ru b s  o u t o f  a  p o s s ib le  s ix  hundred were 
ta g g e d .
One b ranch  o r  s ta n  on each sh rub  was marked w ith  aluminum o r 
wooden ta g s  a t  th e  b a se , below  th e  l a s t  tw ig  c o n ta in in g  any c u r r e n t  
a n n u a l grow th . Branch lo c a t io n  was a l t e r n a t e d  betw een th e  u p h i l l  and 
d o w n h ill s id e  o f  th e  sh ru b . A f te r  ta g g in g , th e  amount o f  c u r r e n t  an n u al 
grow th was de te rm in ed  by two m ethods t l i n e a r  m easurem ent and w eigh t 
e s t im a te ,  Snowbrush was m easured by c o n s id e r in g  e v e ry th in g  above 0 ,5  
c e n t im e te r  a s  c u r r e n t  a n n u a l grow th.
The amount o f c u r r e n t  grow th was m easured to  th e  n e a r e s t  c e n t i ­
m e te r  to  o b ta in  th e  l i n e a r  amount p roduced .
To g e t  a  w eigh t e s t im a te  w ith o u t rem oving th e  tagged  b ran c h , a 
p e rc e n t  f ig u r e  was e s tim a te d  com paring th e  w eigh t o f  th e  c u r r e n t  grow th 
on th e  tag g ed  b ran ch  w ith  th e  w e ig h t o f  th e  c u r r e n t  grow th on a b ranch  
i n  a n o th e r  q u a d ra n t o f  th e  bush (Schm autz, I 960 ) ,  A f te r  th e  b ran ch es
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w ere compared and th e  p e rc e n t  e s t im a te  d e te rm in ed , th e  un tagged  b ranch  
was c l ip p e d ,  d r i e d ,  w eighed to  th e  n e a r e s t  0 .1  gram, and th e  w e ig h t o f 
th e  tag g ed  b ran ch  was c a lc u la te d .  In  s e l e c t in g  th e  b ran ch  to  compare 
w ith  th e  tag g ed  one, i t  was som etim es n e c e ssa ry  to  r e f e r  to  a n o th e r  
bush . E s tim a tio n  was made much e a s i e r ,  and p o s s ib ly  more a c c u ra te ,  by 
t r y in g  to  s e l e c t  b ran ch es  w ith  th e  same amount o f  c u r r e n t  grow th.
A f te r  th e  p e r io d  o f  w in te r  u se  was o v e r, th e  sh ru b s  w ith  th e  
tag g ed  b ran ch es w ere a g a in  lo c a te d  and th e  two p ro c e ss e s  were re p e a te d . 
The r e s u l t s  were e x p re ssed  in  term s o f  le n g th  and w eigh t o f  u t i l i z e d  
p o r t io n .  P e rc e n t u t i l i z a t i o n  was th e n  c a lc u la te d  f o r  each in d iv id u a l  
tag g ed  b ran ch .
R e lo c a tio n  o f th e  sh rub  was s im p li f ie d  by n o tin g  th e  lo c a t io n  o f 
th e  sh ru b  on th e  f i e l d  form  i n  t h i s  m anner; ”20* W. o f  6 , "  o r  "8* E. 
o f  7 4 ,"  e t c .  T h is m ean t, i n  th e  f i r s t  exam ple, t h a t  th e  sh rub  was 
tw en ty  f e e t  w est o f  th e  s i x  f o o t  mark on th e  ta p e ,  o r  i n  th e  second 
c a s e , th e  lo c a t io n  was e ig h t  f e e t  e a s t  o f  th e  s e v e n ty - fo u r  f o o t  mark on 
th e  ta p e .  No d i f f i c u l t y  was en co u n te red  in  r e lo c a t in g  th e  sh ru b s  e x ce p t 
i n  a  few  c a s e s  when th e  ta g s  were to r n  o f f .
Deer c e n su s . Deer f e c a l - p e l l e t s  w ere coun ted  on 100 sq u a re  f e e t  
c i r c u l a r  p l o t s .  Two hundred s i x t y  p l o t s  were e s ta b l is h e d  and th e  p e l l e t  
g roups were counted  i n  A p r i l ,  I 96I  and A p r i l ,  1962, The p lo t s  w ere n o t 
c le a n e d  and no d i f f i c u l t y  was e x p e rien c ed  in  s e p a ra t in g  th e  p e l l e t  groups 
o v e r a  y e a r  i n  age  frcan th e  p re c e d in g  w in te r* s  p e l l e t s .  P e l l e t  groups 
t h a t  w ere one h a l f  o r  more i n s id e  th e  p l o t  were counted  a s  one group .
F ^ s t p a t t e r n  o f  u s e . The form  c la s s  o f  s e rv ic e b e r ry  and choke­
c h e r ry  was reco rd ed  a t  each p o in t  used  f o r  t r e e  sam pling ; th e  c lo s e s t
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bush  o f  each  s p e c ie s  i n  each q u a d ra n t was chosen . The sh ru b s w ere r a te d  
u s in g  th e  fo llo w in g  e ig h t  c la s s e s  (Dasmann, 1951; C ole, 19 5 8 ):
Form C lasse s
1 A ll  a v a i la b l e ,  l i t t l e  o r  no hedging
2 A ll  a v a i la b l e ,  m o d era te ly  hedged
3 A ll a v a i la b l e ,  s e v e re ly  hedged
4 P a r t ly  a v a i la b l e ,  l i t t l e  o r  no hedg ing
5 P a r t ly  a v a i la b le ,  m o d e ra te ly  hedged
6 P a r t ly  a v a i la b l e ,  s e v e re ly  hedged
7 U n a v a ila b le
8 Dead
Food h a b i t s . Rumen sam ples, c o l le c te d  i n  1958 and tu rn e d  o v e r to  
th e  Montana F ish  and Game Food H a b its  L ab o ra to ry  f o r  a n a ly s is  (W hite, 
1 9 58 ), w ere in c o rp o ra te d  i n to  th i.s  s tu d y . There were e ig h te e n  sam ples 
c o l le c te d  betw een Jan u ary  se v en th  and A p r il  second , 1958. The m a te r ia l  
had been washed and s e p a ra te d  by th e  l a b o r a to r y  p e rso n n e l and a l l  t h a t
rem ained was i d e n t i f i c a t i o n  and volume d e te rm in a tio n . Mr. K, L, W hite
had a lr e a d y  i d e n t i f i e d  some o f  th e  sam ples i n  1958, and th e s e  were 
checked by  th e  a u th o r , The m a te r ia l  was i d e n t i f i e d  w ith  th e  a id  o f  th e  
L a b o ra to ry  p la n t  c o l l e c t io n s .  V olum etric  d isp la c e m e n t m easurem ent was 
made by w a te r  d isp la c e m e n t to  th e  n e a r e s t  t e n th  o f  a  cu b ic  c e n t im e te r
i n  a  g rad u a ted  c y l in d e r  to  g e t  th e  p e rc e n t  volume o f  th e  sam ple. The
m ethods o f  a n a ly s i s  were developed  and c a r r ie d  o u t by Kenneth G ree r, o f  
th e  Montana D epartm ent o f  F is h  and Game.
S o i l s . S o i ls  were a n a ly ze d  by th e  p ro ce d u res  o u t l in e d  i n
P ro ced u re  For S o i l  A n a ly s is  (K im los, 1 9 61 ). The a n a ly se s  were made by 
p e rs o n n e l  i n  th e  s o i l s  l a b o r a to r y  o f  th e  Montana S ta te  U n iv e rs i ty ,
School o f  F o re s t r y ,  under th e  d i r e c t i o n  o f  Dr, T. J ,  Nimlos.
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L ogging, b u rn s  and o v e rg ra z in g  have p ro v id ed  much more d e e r  
ran g e  in  th e  w e s te rn  s t a t e s  th a n  was p re s e n t  p r i o r  to  m an 's  m a n ip u la tio n  
o f  th e  la n d  (L eopold , 1950; Brown, I 96I ) ,  T h is r e s u l te d  in  l a r g e r  
numbers o f  d e e r  i n  some a re a s  w here p re v io u s ly  h e rd s  w ere sm a ll.
Because th e  im provem ent o f  c o n d it io n s  f o r  d e e r  was d is tu rb a n c e  cau sed , 
and th e  d is tu rb a n c e  h as  su b se q u e n tly  been e l im in a te d , p la n t  su c c e ss io n  
h as  reduced  th e  amount o f  d e e r  ran g e . F i r e  p r o te c t io n  and improved 
g ra z in g  p r a c t ic e s  have e f f e c t i v e l y  p re v e n te d  th e  m ain tenance  o f  many 
o f  th e s e  ran g es  i n  a  subclim ax  s ta g e .  The im portance  o f  th e s e  subclim ax  
ran g e s  f o r  d e e r  management le n d s  s ig n i f ic a n c e  to  th e  w in te r  ran g e  
s tu d ie s  in  th e  R a tt le s n a k e  Creek d ra in a g e .
T ree abundance a t  th e  tim e o f  th e  1919 b u rn . In fo rm a tio n  
g a th e re d  on th e  stum ps and b o le s  rem ain in g  from  th e  f i r e  i n d ic a t e  t h a t  
th e  r id g e  was covered  w ith  a  s ta n d  o f  D ouglas f i r  and poriderosa p in e , 
m atu re  t r e e s  o r  t r e e s  ap p ro ach in g  m a tu r i ty .  T able  1 p re s e n ts  t h i s  d a ta  
f o r  th e  seven  ty p e s  t h a t  were d i f f e r e n t i a t e d  and mapped a t  th e  b eg in n in g  
o f  th e  s tu d y  (F ig u re  3 ) .
The so u th  and s o u th e a s te rn  f a c e s  o f  Wallman Ridge (A reas 1 , 2, 3»
4  and 6 ) w ere g e n e r a l ly  more open s ta n d s  w ith  a  h ig h e r  p ro p o r tio n  o f  
ponderosa  p in e  th a n  th e  more m esic n o rth w es t s id e  o f  th e  r id g e  (A reas
5 and 7 ) .  Area 6 , on th e  s o u th e a s t  f a c e ,  had a h ig h e r  number o f  t r e e s  
p e r  a c r e  th a n  a ry  o th e r  a re a  on t h i s  fa c e  and, a l s o .  Area 6 had c o n s id e r ­
a b ly  more b a s a l  a re a  p e r  acre (87 sq , f t . )  th a n  th e  o th e r  s ta n d s  on th e  
r id g e .  T h is i s  th e  140 a c re  s ta n d  t h a t  was n o t  burned  in  1919.
25
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W estern  l a r c h  i s  an im p o rta n t s p e c ie s  i n  t h i s  a r e a ,  b u t i t  was n o t 
found  in  s i g n i f i c a n t  am ounts i n  any o f  th e  o th e r  ty p e s .  W ithout th e  
a d d i t io n  o f  t h i s  s p e c ie s .  A rea 6 would be much l i k e  th e  r e s t  o f  th e  
ra n g e . The h ig h e r  t r e e  d e n s i ty  i n  t h i s  lo c a t io n  i s ,  no d o u b t, a  
r e f l e c t i o n  o f  a  more m esic  env ironm en t. M oderate s lo p e  and a  s l i g h t  
s h ie ld in g  from  th e  sun due to  a  bend in  th e  r id g e  a r e  p ro b ab ly  th e  m ain 
re a so n s  f o r  th e  in c r e a s e  i n  number o f  t r e e s .  An in te r m i t t e n t  s tream  in  
th e  a re a  c a r r i e s  o f f  th e  snow m e lt and p ro v id e s  a  p o r t io n  o f  s tre a m sid e
T able  1 , The number o f  t r e e s  p e r  a c r e ,  th e  amount o f  b a s a l  a re a  
p e r  a c r e ,  th e  a g e , and th e  sam ple s i z e  o f  th e  t r e e  v e g e ta t io n  on 
Wallman R idge a t  th e  tim e o f  th e  1919 f i r e .
S p e c ie s 1 2
îy p e
3
o r  a re a  number
4 5 6 7
T rees/A cre
D ouglas f i r l é 15 11 28 90 34 78
Ponderosa p in e 7 9 12 10 13 9 8
W estern  l a r c h 17 6
Grand f i r 9
Lodgepole p in e 5
T o ta l 23 24 23 38 108 .<49 _ 92
B asal A rea/A cre ( f t ^ ;
D ouglas f i r 9 6 8 14 61 32 42
P onderosa p in e 7 8 20 14 9 14 13
W estern  la r c h 37 5
Grand f i r 4
L odgepole p in e 5
T o ta l 16 l 4 28 75 87 60
Age
D o u ta s  f i r 72 58 74 70 74 82 80
Ponderosa p in e 92 95 130 104 91 161 138
W estern  l a r c h 159 82
Grand f i r 59
L odgepole p in e 100
D ouglas f i r  
P onderosa p in e  
W estern  l a r c h  
Grand f i r  
Lodgepole p in e  
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h a b i t a t  w ith  d ense  sh rubby  v e g e ta t io n  and t r e e s .  The t r e e s  on t h i s  a re a  
(6 ) a r e  ap p ro ach in g  th e  age o f  m a tu r i ty  which i s  a b o u t one hundred to  
one hundred and tw en ty  y e a r s .
T ab le  2 sum m arizes th e  d a ta  from  th e  stum ps in  term s o f  r e l a t i v e  
d e n s i ty ,  r e l a t i v e  dom inance, r e l a t i v e  freq u e n cy  and im portance  v a lu e s .  
The r e l a t i v e  f i g u r e s  a r e  p e rc e n ta g e s  o f  th e  in d iv id u a l  s p e c ie s ,  b a s a l
Tbble 2 . The r e l a t i v e  d e n s i ty ,  r e l a t i v e  dom inance, r e l a t i v e  
fre q u e n c y , and th e  im p o rtan ce  v a lu e s  o f  th e  t r e e  v e g e ta t io n  on Wallman 
Ridge a t  th e  tim e  o f  th e  1919 f i r e .
Type o r  a re a  number
S p e c ie s 1 2 3 4 5 6 7
R e la t iv e  D e n sity
D ouglas f i r 53 61 47 73 83 48 85
Ponderosa p in e 47 39 53 27 12 13 8
W estern  l a r c h 25 7
Grand f i r 13
Lodgepole p in e 5
R e la t iv e  Dominance (B asal A rea)
D ouglas f i r 56 46 29 50 82 37 71
Ponderosa p in e 44 54 71 50 11 16 21
W estern  l a r c h 42 8
Grand f i r 5
L odgepole p in e 7._
R e la t iv e  Frequency
Douglas f i r 52 56 50 &L 68 43 75
Ponderosa p in e 48 44 50 39 18 20 15
W estern  l a r c h 23 10
Grand f i r 13
Lodgepole p in e 14
Im portance  V alue (Den, +' Dom. + F re q , )
D ouglas f i r 161 163 126 184 233 128 231
Ponderosa p in e 139 137 174  116 4 l 49 44
W estern  l a r c h 90 25
Grand f i r 31
Lodgepole p in e 26
M odified  Im portance  V alue (Dens. + F re q .)
D ouglas f i r 105 117 97 134  151 91 160
Ponderosa p in e 95 83 103  66 30 33 23
W estern  l a r c h 48 17
Grand f i r 26
L odgepole p in e ____
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a re a  by s p e c ie s ,  e t c . ,  ccmipared to  th e  t o t a l  niiraber o f  in d iv id u a ls  o r  
t o t a l  amount o f  b a s a l  a r e a .  The im p o rtan ce  v a lu e  i s  th e  summation o f  
th e  r e l a t i v e  d e n s i ty ,  r e l a t i v e  dom inance and r e l a t i v e  freq u e n cy  (C u r t is  
and M cIntosh , 1951)* The m o d ified  im p o rtan ce  v a lu e  was c a lc u la te d  by 
summing th e  r e l a t i v e  d e n s i ty  and r e l a t i v e  fre q u e n c y . The m o d ified  
im p o rtan ce  v a lu e  was c a lc u la te d  to  compare th e  1919 d a ta  w ith  d a ta  
o b ta in e d  from  th e  p r e s e n t  t r e e  v e g e ta t io n  from which no b a s a l  a re a  
f ig u r e s  were o b ta in e d ,
The im p o rtan ce  v a lu e s  f o r  D ouglas f i r  i n d ic a t e  t h a t  t h i s  sp e c ie s  
was o f  p rim ary  im p o rtan ce  i n  a l l  o f  th e  ty p e s  ex cep t Type 3* Ponderosa 
p in e  was th e  dom inant t r e e  i n  t h a t  a r e a .  Ponderosa p in e  i s  o f  
secondary  im p o rtan ce  on a l l  o f  th e  o th e r  a re a s  ex cep t Area 6 and th e r e  
i t  was r e le g a te d  to  t h i r d  p la c e ,  below  D ouglas f i r  and w este rn  l a r c h .
The r e l a t i v e  f req u e n cy  and r e l a t i v e  d e n s i ty  o f  Douglas f i r  i s  
h ig h e r  th an  ponderosa  p in e  ex cep t in  Area 3» These v a lu e s  co rre sp o n d  
w e ll  w ith  th e  im p o rtan ce  v a lu e s . The r e l a t i v e  dom inance p o r t io n  o f  
T able  2 shows t h a t  in  two a re a s  th e r e  was more b a s a l  a re a  p e r  a c re  
o f  ponderosa  p in e  th a n  D ouglas f i r  and in  Area 4 th e  b a s a l  a re a  was 
th e  same f o r  each s p e c ie s .  On th e  a v e ra g e , th e  ponderosa  p in e  was 
o ld e r  b u t  few er in  number th a n  th e  D ouglas f i r .
The m o d ified  im p o rtan ce  v a lu e s  f o r  each s p e c ie s  show th e  same 
r e l a t i o n s h i p  betw een th e  s p e c ie s  a s  th e  unm odified  im portance  v a lu e s .
T ree abundance i n  I 96I . The d i s t r i b u t i o n  o f  th e  p re s e n t  t r e e  
v e g e ta t io n  v a r i e s  c o n s id e ra b ly  from  a re a  to  a r e a .  Table 3 shows th a t  
th e  number o f  t r e e s  p e r  a c re  ran g es  from  10 to  583.
Most o f th e  t r e e s  p r e s e n t  i n  I 96I  were younger th an  fo r ty - tw o  
y e a r s ;  th e  tim e  e la p se d  s in c e  th e  f i r e .  The few  p la c e s  where t r e e s
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T ab le  3» T rees p e r  a c r e ,  age o f th e  t r e e s  and sam ple s i z e  o f  
d a ta  o b ta in e d  on Wallman R idge, 19^1,
S p ec ies
D ouglas f i r  
Ponderosa p in e  
W estern  l a r c h  
Grand f i r  
L odgepole p in e  
T o ta l
3




Type o r  a re a  number













D ouglas f i r 27 16 23 54 23 44 21
Ponderosa p in e 20 12 19 27 12 60 207
W estern  l a r c h 38 27 37 37
Grand f i r 41
Lodgepole p in e 28 10 27 30 29
Number o f t r e e s  in sample
D ouglas f i r 107 25 26 35 42 28 46
Ponderosa p in e 209 35 33 25 12 5 3
W estern l a r c h 3 1 15 6
Grand f i r 8
Lodgepole p in e  
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su rv iv e d  th e  f i r e  a r e  in d ic a te d  in  th e  a re a s  where th e  age i s  o v e r 
fo r ty - tw o .  Most o f  th e s e  o ld e r  age t r e e  av e rag es  w ere d e r iv e d  from 
sm all sam ples, however. I f  th e r e  a re  n o t tw e n ty - f iv e  o r  t h i r t y  t r e e s  
i n  th e  sam ple, th e  sam ple s i z e  i s  c o n s id e re d  in a d e q u a te . The av e rag e  
ages a r e  m is le a d in g  i n  some c a s e s  where th e  com bination  o f  o ld  and 
young t r e e s  r e s u l te d  i n  a  m odera te  mean ag e . T his i s  m ain ly  th e  ca se  in  
Area 6 , a s  o n ly  a  few  t r e e s  in  th e  o ld e r  age c la s s e s  were en co u n te red  
in  th e  r e s t  o f  th e  w in te r  ra n g e .
The r e l a t i v e  d e n s i t i e s ,  r e l a t i v e  f r e q u e n c ie s  and m o d ified  
im p o rtan ce  v a lu e s  o f  th e  p r e s e n t  t r e e  v e g e ta t io n  i s  g iven  i n  T able  4 ,
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T ab le  The r e l a t i v e  d e n s i ty ,  r e l a t i v e  fre q u e n c y  and m o d ified  
im p o rtan c e  v a lu e s  o f  th e  t r e e  v e g e ta t io n  on Wallman R idge, I 96I ,
S p ec ie s 1 2
Type o r  a re a  number
. ^ _____ 4 .. ....................... 6 _ _ 7. _ . .
R e la t iv e  D en sity
D ouglas f i r 33 42 43  58 70 47 77
Ponderosa p in e 65 58 55 42 20 8 5
W estern l a r c h 1 2 25 10
Grand f i r 13
Lodgepole p in e ( .3 ) 2 8 7 8
R e la t iv e  Frequency
D ouglas f i r 43 44 46 52 58 4 l 62
Ponderosa p in e 52 56 50 48 29 12 4
W estern l a r c h 2 4 25 17
Grand f i r 16
Lodgepole p in e 1 4 8 6 1.7
M odified  Im portance  V alue (Diens, + F r e q ,)
D ouglas f i r 7§ 8è 89 110 128 88 139
Ponderosa p in e 117 114 105 90 49 20 9
W estern  l a r c h 3 6 50 27
Grand f i r 29
Lodgepole p in e 1 6  16 13 25
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The m o d ified  im porta îïce  v a lu e s  in d ic a te  t h a t  ponderosa  p in e  i s  
th e  m ost im p o rta n t s p e c ie s  i n  A reas 1 , Z  and 35 o v e r th e  r e s t  o f  th e  
d e e r  w in te r  ran g e  i t  i s  dom inated by D ouglas f i r .  Ponderosa p in e  
a p p ea rs  t o  be  m ore im p o rta n t i n  th e  t r e e  v e g e ta t io n  now th an  i t  was in  
1919» a lth o u g h  i t  s t i l l  i s  n o t  a s  abundant a s  D ouglas f i r .
The s i m i l a r i t y  i n  th e  d e n s i ty  o f  th e  t r e e s  on Wallman Ridge in  
1919 and 1961  i s  p r e s e n t  i n  F ig u re  5» At p r e s e n t ,  o n ly  a re a  one and 










2  5-------- -5




F ig u re  5 . A com parison o f  th e  number o f  t r e e s  p e r  a c re  on 
Wallman R idge in  1919 and i n  I 96I .
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The d e n s i ty  o f  th e  t r e e  v e g e ta t io n  i s ,  t h e r e f o r e ,  much th e  same a s  i t  
was i n  1919 and th e  main d i f f e r e n c e  i s  i n  th e  age o f  th e  t r e e s .
The age d i f f e r e n c e  i s  i l l u s t r a t e d  i n  Fi,gure 6 , The d i f f e r e n c e  
in  th e  age  o f  th e  1919 s ta n d  and th e  p r e s e n t  one i s  ab o u t f i f t y  y e a r s .  
T h e re fo re , i t  i s  a p p a re n t  t h a t  i n  f i f t y  y e a r s ,  w ith  th e  d e n s i t i e s  
s im i la r  to  to d a y ’ s t r e e  d e n s i t i e s ,  Wallman Ridge shou ld  a p p ea r abou t 
th e  way i t  d id  i n  1919 when th e  f i r e  buivied th e  a r e a .  Area 7 w i l l  be 






îy p e  o r  a re a  number
F ig u re  6 .  A com parison o f  th e  mean age  o f th e  t r e e s  on Wallman 
R idge i n  1919 and i n  I 96I .
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w i l l  be  somewhat more open. In  a l l  p r o b a b i l i ty ,  how ever, th e  t r e e s  w i l l  
c o n tin u e  to  in c r e a s e  in  number on some o f  th e s e  a r e a s ;  i f  th e y  do , th e  
p i c tu r e  f i f t y  y e a r s  from  now w i l l  be q u i te  d i f f e r e n t .
B o ta n ic a l c o m p o s itio n . The v e g e ta t io n  t h a t  i s  p re s e n t  on th e  
g r e a te r  p o r t io n  o f  Wallman R idge can b e s t  be d e s c r ib e d  a s  a  sh rub  
ty p e  (T ab le  5 ) .  Shrubs a r e  th e  p redom inan t ty p e  o f  v e g e ta t io n  on 
p r a c t i c a l l y  th e  e n t i r e  r id g e .  Only i n  Area 7 a r e  th e  sh rubs l e s s  common 
th a n  th e  t r e e  v e g e ta t io n  and even h e re  th e  d i f f e r e n c e  i s  n o t g r e a t .
About one h a l f  o f  th e  sh rub  coverage  c o n s i s t s  o f  p la n ts  t h a t  
a r e  p r e f e r r e d  f o r a g e .  Snowbrush cean o th u s  i s  by f a r  th e  m ost common 
s p e c ie s  i n  t h i s  c la s s  and s e rv ic e b e r ry  i s  second . Chokecherry ran k s  
n e x t i n  abundance w here i t  o c c u rs , b u t  t h i s  p la n t  i s  o n ly  r a r e l y  found 
on th e  n o rth w e s t fa c e  o f  th e  r id g e  o r  in  th e  unburned tim b ered  a re a  on 
th e  s o u th e a s t  f a c e .  C reep ing  raahonia (Mahonia re p e n s ) i s  th e  l e a s t  
abundan t i n  th e  p r e f e r r e d  sh rub  c l a s s .  The im p o rtan ce  o f  c re e p in g  
raahonia a s  d e e r  fo ra g e  i s  l i t t l e  known. The d e e r  do u t i l i z e  t h i s  p la n t ;  
th e  food  h a b i t  sam ple ranked  c re e p in g  m ahonia f i f t h  in  volume e a te n  in  
th e  w in te r .
Of th e  u n p re fe r re d  sh ru b s , n in e b a rk  i s  v e ry  abundan t, b e in g  a s  
common a s  snow brush, and s p i r a e a  and snow berry a r e  p re s e n t  though l e s s  
ab u n d an t. These th r e e  u n p re fe r re d  fo ra g e  p la n t s  have abou t th e  same 
p e rc e n t  canopy co v erag e  a s  th e  t o t a l  f o r  th e  f i v e  d e s i r a b le  s p e c ie s .
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T ab le  5 . P e rc e n t canopy coverage  on Wallman R idge, 1 9 6 1 ,1 )
S p ec ie s
Abbrev,
Name^)
P e rc e n t Canopy Coverage
ly p e  o r  a re a  number
1 2 3 4 5
P re fe r re d  sh ru b s
A m elanchier a l n i f o l i a Amal 2 ,8 4 .2 7 .9 3 .5 3 .2 1 1 .3 4 .8
C eanothus v e lu t in u s Ceve 1 4 ,7 1 2 .8 1 2 .9 1 1 .2 1 7 .1 4 ,9 .9
M ahonia rep e n s  









1 .6 2 .8 1 .4
S u b to ta l 23 .6 22 .0 21 .4 1 9 .0 21.9 1 9 .0 7 .1
In te rm e d ia te  sh ru b s
A cer glabrum  Acgl
A rc to s ta p h y lo s  u v a -u r s i  Aruv
Rosa gymnocarpa Rogy
Rosa w o o d sii Rowo
S a l ix  sp , SAL
Vacciniura membranaceura Vame
S u b to ta l















1 .2  3 ,7  678
1 . 8  1 , 2  
7 .2
H o lo d iscu s  d i s c o lo r Hodi 2 .1
Physocarpus malv a c eus Phma 1 1 ,1 20 ,8 3 .7 9 .6 24 ,3
Prunus em arg in a ta Prem 3 .5
R ibes cereum R ice .6
S hepherd ia  c a n a d en s is Shea ,6
S p ira e a  b e t u l i f o l i a Spbe 2 ,7 7 .1 1 .2 4 ,2
S ^ p h o r ic a rp o s  a lb u s Syal 4 .4 4 .6 .8 3 .8
S u b to ta l 1 8 .2 32.5 1 0 ,1 1 4 ,3 32.9
O th ers .1 .9 .4





5 z t l
G rasses  and sedges
Agropyron sp ioatura 9 .7 4 ,2 5 .4 8 .9 .7
Bromus tec to ru m 2 .7 .5 1 .7 .7
Carex g e y e r i 9 .6 1 4 ,7 1 1 .5 1 0 ,0 2 .3 5 .1 .5
C a la m a g ro s tis  ru b esce n s .9 ,6 .9 4 .2 7 .8 7 .7
F e s tu c a  id a h o e n s is 1 ,1 ,6
K o e la r ia  c r i s t a t a .7
Poa secunda .5 .6
S t ip a  Columbian a .5
O th ers








7 .4 3372 8 .9
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T ab le  5 (C on t*d ). P e rc e n t canopy coverage  on Wallman R idge, 1 9 61 ,1 )
P e rc e n t Canopy C o v e r a g e _______
Type o r  a re a  number 
S p e c ie s_________________ _______ 1_____ 2_____ 2_____ 4 - 5 6 ?
H erbaceous P la n ts
A c h i l le a  m il le fo l iu m  .9  .5  1 .1  .5
Apocynum an d rosaem ifo lium  
A s te r  co n sp icu u s  2 ,7  3 .0  ,7  2 ,1




2 ,4 .8 .5 4 .5
3 .4 1 .6
.6
1 .4
3 .4 2 ,1 3 .1
Lupinus sp . 3 A  1 .6  1. - 1 .9  ,5  ,6
Penstemon s p . ,6
P o t e n t i l l a  g la n d u lo sa  
X erophyllum  te n a x  1 ,0
O thers 3 .^  2 ,5  2 ,1  3 .1  1 .6
T o ta l 1 0 ,1  T T b  5 .1  1 0 ,1  “ 6 3  1 .9
O v e rs to ry
A bies g ra n d is  1 0 .2
L a r ix  o c c id ent a i l s  8 ,0  3 .8
P inus c o n to r ta  2 .3  8.0_ 1 0 ,3
P inus ponderosa  5 .1  .6  1 ,4  1 .4
P seudo tsuga  m e n z ie s i i  2 ,1  2 ,1  1 2 .3  4 2 ,5
O thers .5  _ .1  ___^1____ ______ ____
T o ta l ,5  7 .2  ,1  ,1  5 .0  39 .9  58 .0
L i t t e r  27 .4  20 .9  3 1 .2  2 8 ,3  3 0 .4  2 3 .4  1 5 ,6
T o ta l 10 5 .7  1 1 5 .7 9 2 .2 9 6 ,1  1 0 8 ,2  1 2 1 .8  1 3 1 ,2
Rock .5  .9 6 ,6 1 .2  .1
Bare ground 4 .7  1 .3 5 .0 7 .0  1 .3 ,6  1 .0
Those p la n ts  w ith  a  p e rc e n t  coverage  o f  0 .5  o r  l e s s  a r e  in c lu d e d  
u n d e r "O th e rs" .
2) A b b rev ia ted  names o f  th e  sh ru b s  w i l l  be used  in  th e  t a b le s  t h a t  
fo llo w .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  in  th e  a re a s  o f  h ig h  t r e e  
d e n s i t i e s ,  such a s  A reas 6 and 7 , th e  coverage  v a lu e s  f o r  snowbrush 
d e c r e a s e .  No such  d e c re a se  can be n o ted  f o r  th e  o th e r  sh rub  s p e c ie s .  
C hokecherry  can n o t be in c lu d e d  a s  i t  does n o t o c cu r i n  th e s e  a r e a s .  The 
o n ly  o th e r  p la n t  w hich seems to  r e a c t  i n  th e  same manner i s  e lk  sedge. 
O th e rs  may co rre sp o n d  b u t t h e i r  coverage  v a lu e s  a r e  to o  low  to  d e te c t  
any s i g n i f i c a n t  t r e n d .  In  a l l  p r o b a b i l i t y  t h i s  e f f e c t  i s  caused  by 
sh a d in g .
The f i v e  m ost abundan t sh ru b  s p e c ie s  were t e s t e d  f o r  d i f f e r e n c e  
betw een a re a s  u s in g  th e  a n a ly s i s  o f  v a r ia n c e . At th e  95^ co n fid en ce  
l e v e l  th e r e  was no d i f f e r e n c e  betw een a r e a s ,  b u t th e r e  was a  d i f f e r e n c e  
in  s p e c ie s  co m p o sitio n  (T ab le  23 , Appendix B). The sp e c ie s  means were 
t e s t e d  u s in g  D uncan 's new m u lt ip le  ran g e  t e s t  (S te e l  and T o r r ie ,  I 96O) 
which in d ic a te d  t h a t  th e r e  was no d i f f e r e n c e  betw een th e  p e rc e n t  coverage  
o f  snow brush and n in e b a rk  a t  th e  .0 5  l e v e l  and t h a t  no d i f f e r e n c e  
e x is te d  betw een th e  means o f  s e rv ic e b e r r y ,  ch o k ech erry , and c re e p in g  
m ahonia a t  t h i s  l e v e l  (T ab le  24-, A ppendix B ), A s i g n i f i c a n t  d i f f e r e n c e  
d id  e x i s t  betw een th e  snow brush -n inebark  group and th e  s e rv ic e b e r ry -  
c h o k e c h e rry -c re e p in g  m ahonia group o f  m eans. Thus, i t  can be s a id  t h a t  
Wallman R idge i s  a  sh ru b  ty p e  made up o f  snowbrush and n in e b a rk  
p r im a r i ly ,  w ith  s e v e r a l  o th e r  s p e c ie s  o f  sh ru b s  b e in g  p re s e n t  i n  l e s s  
abundance.
The g ra s s e s  and h e rb aceo u s p la n t s  p ro v id e  a  good ground co v er 
u n d er and betw een th e  sh ru b s  and t r e e s ,  A summation o f  th e  fo u r  
v e g e ta t io n  c la s s e s  p lu s  th e  l i t t e r  i n d ic a te s  t h a t  i n  a l l  b u t two a re a s  
t h e r e  i s  more th a n  one hundred p e rc e n t  ground c o v e r . Thus, th e  s o i l  i s
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w e ll  p r o te c te d  and th e r e  i s  l i t t l e  chance o f  ran g e  d e t e r io r a t i o n  cause  
by s o i l  e ro s io n .
Browse p ro d u c tio n  and u t i l i z a t i o n . Die ev id en ce  from th e  c l i p  
p l o t s  on th e  lo w er and u p p er key a re a s  shows a w ide v a r ia t io n  betw een 
s p e c ie s  i n  brow se p ro d u c tio n . T able  6 shows th e  p ro d u c tio n  o f  snow­
b ru sh , ch o k ec h e rry , s e r v ic e b e r r y  and n in e b a rk  f o r  I 9 6 0  and 196I .  A ll 
c l ip p in g s  w ere made i n  th e  f a l l  a f t e r  th e  le a v e s  o f  th e  deciduous 
s p e c ie s  had f a l l e n .
T ab le  6 , The i 960 and I 96I  browse p ro d u c tio n  on th e  lo w er and 
u p p e r key  a re a s  o f  Wallman R idge, The f ig u r e s  in c lu d e  th e  oven d r ie d  
c u r r e n t  an n u a l g ro w th ,1)
S p e c ie s





Amal 2) .2 .6 1 0 .3 1 6 .4
Ceve 209.9 238 .1 928.5 850.8
Fhma 1 5 .5 1 6 .9 51 .7 77.5
P rv i 6 .2 3.4 7.8 9 .5
. T o ta l 231.8  259.0  999 .3
D ried  a t  1300-1^0° F , to  c o n s ta n t  w e ig h t.
2) See p la n t  l i s t .  Appendix C, f o r  a b b re v ia t io n s .
W eather c o n d it io n s  f o r  th e  I 96O and I 96I  growing season  (A p r il ,  
May, June and J u ly )  w ere tak e n  from M issou la  County A irp o r t  w ea th e r 
d a ta .  The mean m onth ly  te m p e ra tu re s  d u r in g  th e  growing seaso n s were 
v e ry  s im i la r  f o r  each  grow ing se a so n . The seaso n  means were 56® F. f o r  
each  y e a r  and th e  f i f t y - s i x  y e a r  a v e rag e  f o r  th e s e  fo u r  m onths i s  a ls o  
56°  F . In  i 960 , th r e e  in c h e s  o f  r a i n  was rec o rd ed  compared to  f i v e  
in c h e s  i n  I 96I ,  and s i x  in c h e s  f o r  th e  f i f t y - s i x  y e a r  mean. F o r ty - f iv e
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in c h e s  o f  snow f e l l  d u r in g  th e  1959-60 w in te r  and 57 in c h e s  w ere r e ­
co rd ed  f o r  1960- 6 1 . The mean sn o w fa ll i s  38 in c h e s  a  y e a r .  On Hallman 
R idge, b o th  w in te r s  w ere r e l a t i v e l y  open w in te r s .  Snow d ep th  was n o t 
e x c e s s iv e  and th e  sun k e p t p o r t io n s  o f  th e  w in te r  range  f r e e  o f  snow 
th ro u g h o u t th e  w in te r .  The lo w er key a re a  was r e l a t i v e l y  snow -free  
b o th  w in te r s .
The lo w er key a re a  p ro d u ces l e s s  th an  a t h i r d  a s  much v e g e ta t io n  
p e r  a c r e  th a n  th e  u p p e r key a r e a .  The lo w er a re a  i s  o n ly  ab o u t 1 .5  
a c r e s  l a r g e r  th a n  th e  upper key a re a  so th e  d i f f e r e n c e  betw een th e  
p ro d u c tio n  on th e  two a re a s  i s  ro u g h ly  p ro p o r t io n a l  to  th e  d i f f e r e n c e  
i n  p ro d u c tio n  p e r  a c r e ,
Snowbrush i s  o b v io u s ly  th e  m ajo r p ro d u ce r and ju d g in g  from  th e  
p ro d u c tio n  o f th e  o th e r  s p e c ie s ,  i t  m ust be th e  s t a p le  food in  th e  
w in te r  d i e t  o f  th e  m ule d e e r .  T h is i s  b o rn e  o u t in  th e  food  h a b i t s  
and u t i l i z a t i o n  s tu d ie s  t h a t  a r e  d is c u s s e d  e lsew here  i n  t h i s  p a p e r .
T h is s p e c ie s  a s  w e ll  a s  s e rv ic e b e r ry  and ch o k ech erry  a re  g en era ll.y  
r a te d  h ig h  a s  d e e r  fo ra g e  in  th e  n o r th e rn  Rocky M ountain Region 
(W est, 1941; A sher, 1951; C a r te r ,  1951 ).
The d a ta  was t e s t e d  s t a t i s t i c a l l y  u s in g  a  ”t "  t e s t  f o r  th e  
com parison  o f  two means and i t  was found t h a t  th e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  betw een I 96O and I 96I  i n  th e  p ro d u c tio n  o f  each s p e c ie s  on 
th e  lo w er key a re a  (T ab le  25, A ppendix B), On th e  u p per key a r e a ,  no 
d i f f e r e n c e  betw een y e a r s  was found f o r  s e rv ic e b e r ry ,  snowbrush o r  
c h o k ec h e rry , b u t n in e b a rk  produced a  s i g n i f i c a n t l y  h ig h e r  amount o f  
fo ra g e  in  I 96I  th an  i t  d id  i n  I 96O. A ll d a ta  w ere t e s te d  a t  th e  95^ 
l e v e l .
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E vidence accum ulated  from  th e  u t i l i z a t i o n  sam ples in d ic a te  t h a t  
s e r v ic e b e r r y ,  c h o k ech erry , and snowbrush a re  im p o rta n t w in te r  foods 
and t h a t  n in e b a rk  i s  n o t  u t i l i z e d  (T ab le  7 ) ,
D uring  th e  I 96O-6I  w in te r ,  no m ule d e e r  w ere observed  on th e
lo w er key  a re a  a t  any  tim e ; th e  u t i l i z a t i o n  v a lu e s  f o r  t h i s  a re a ,  
t h e r e f o r e ,  r e p r e s e n t  th e  u se  by w h i te ta i l e d  d e e r  a lo n e . In  th e  w i.nter 
o f  I 96I - 62 , t h i s  low er a re a  re c e iv e d  more days u se  by th e  mule d e e r  
th a n  any o th e r  a re a  on th e  w in te r  ra n g e . The h ig h e r  u t i l i z a t i o n  v a lu e s  
f o r  th e  1961-62  w in te r  i n  T able 7» r e f l e c t  t h i s  heavy u se  on th e  low er 
key a r e a .  In  th e  w in te r  o f  1958«59, th e  mule d e e r  c o n c e n tra te d  on th e  
lo w er key a re a  w ith  d e n s i t i e s  up to  th r e e  d e e r  p e r  a c re  (B a ile y , I 96O), 
The m ule d e e r  d id  n o t c o n c e n tra te  in  t h i s  a re a  d u r in g  two subsequen t 
w in te r s ,  b u t  d u r in g  th e  I 96I -6 2  w in te r  c o n c e n tra te d  th e r e  a g a in . From 
th e s e  o b s e rv a t io n s  i t  i s  a p p a re n t t h a t  th e  m ule d e e r  do n o t u se  th e  
lo w er key  a re a  ev e ry  w in te r ,  b u t  no in fo rm a tio n  i s  a v a i la b le  on th e  
p a t t e r n  o f  u se  p r i o r  to  th e  w in te r  o f  1958-59» In  1951» Asher re p o r te d  
on a  s tu d y  on Wallman Ridge made d u r in g  F eb ru ary , March, and A p r il  o f  
t h a t  y e a r ,  b u t  no o b s e rv a t io n s  were made on th e  low er p o r t io n  o f  th e
ra n g e . H is s tu d y  was in  th e  v i c i n i t y  o f  th e  u p per key a re a .
The upper key a re a  was th e  a re a  o f  h e a v ie s t  c o n c e n tra t io n  o f
m ule d e e r  d u r in g  th e  w in te r  o f I 96O--6I .  More th a n  two tim es a s  much
c h o k ech erry  and s e r v ic e b e r r y  were u t i l i z e d  a s  on th e  low er key a re a .  
D uring  th e  I 96I -6 2  w in te r ,  t h i s  a re a  d id  n o t r e c e iv e  a s  many d e e r  days 
u se  a s  th e  low er key a r e a ,  b u t th e  p e rc e n ta g e  used  d u rin g  t h a t  w in te r
was s t i l l  h ig h e r  th a n  th e  y e a r  b e fo re  when i t  was th e  main c o n c e n tra t io n
a r e a .  T h is r e f l e c t s  th e  more open, l i g h t  snow c o v er o f  th e  I 960- 6I


































Table 7 . Bk'owse u t i l i s a t i o n  on th e  low er and upper key a reas o f  Wallman Ridge 
f o r  th e  w in te r 1960-61 and 1961-62,
U t i l iz a t io n
Lower Key Area Upper Key Area
1960-61 1961-62 1960-61 1961-62
O \ % % % % %
l i n . w t. Ib/A^^ l i n . w t. Ib /A l i n . w t. Ib /A l i n w t. Ib/A
S p ec ies use used use used u se used use used
Amal^^ 10 9 .0 2 52 4S .5 24 23 2 ,4 42 44 7 ,2
Ceve 2 6 12.06 19 35 83,3 2 4 3 7 ,1 7 15 127,6
Phma 0 0 0 0 0 0 0 t) 0 0 0 0
P rv i 10 10 .6 63 67 2 .3 21 26 2 .0 45 48 4 ,6
1 ) ^  l i n ,  used  i s  th e  u t i l i z a t i o n  as determ ined hy l i n e a r  m easurem ents,
2) %  wtt* used  i s  th e  percen tage  u t i l i z a t i o n  based  on w eigh t,
5 ) Ib/A  e q u a ls  u t i l i z a t i o n  d e riv ed  by m u ltip ly in g  %  w t, used by th e  lb ,/A  p ro d u c tio n , 
4 ) See p la n t  l i s t .  Appendix 0 ,  f o r  a b b re v ia r io n s .
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w in te r  when th e  m ule d e e r  w ere a b le  to  sp read  o u t much more and occupy 
a  l a r g e r  p o r t io n  o f  th e  w in te r  ra n g e .
S p ec ies  u t i l i z a t i o n ,  d e te rm in ed  by th e  volume o f fo ra g e  removed, 
was s t a t i s t i c a l l y  compared f o r  th e  w in te r s  o f  196o«6l and 1961-62; a 
d i f f e r e n c e  betw een y e a r s  e x is te d  i n  each  ca se  ex cep t f o r  snowbrush and 
n in e b a rk  (T ab le  25, Appendix B ). T here was no d i f f e r e n c e  betw een y e a rs  
i n  th e  u t i l i z a t i o n  t h a t  o c c u rre d  on th e  u p p er key a re a  f o r  snowbrush 
and th e  u se  on n in e b a rk  was ze ro  each y e a r  and on b o th  a r e a s .  The 
" t ” t e s t  f o r  th e  com parison o f  two means was a p p lie d  a t  th e  95^ l e v e l .  
The m ethods u sed  to  d e te rm in e  u t i l i z a t i o n  were a ls o  t e s t e d  by 
th e  ”t ” t e s t  (T ab le  25, Appendix B). W ith s e rv ic e b e r ry  and ch o k ech erry  
i n  b o th  se a so n s , th e r e  was no d i f f e r e n c e  a t  th e  95^ co n fid en ce  le v e l  
i n  th e  p e rc e n t  u se  c a lc u la te d  by th e  w eig h t method o r  h y  l i n e a r  
m easurem ent. T here was a  s i g n i f i c a n t  d i f f e r e n c e  betw een th e  m ethods 
used  to  d e te rm in e  u se  on snowbrush on th e  low er key a re a  d u rin g  th e  
I 96I -6 2  w in te r ,  how ever. The p e rc e n ta g e s  c a lc u la te d  by w eigh t w ere 
s i g n i f i c a n t l y  h ig h e r  th a n  th e  p e rc e n t  u se  computed from l i n e a r  m easure­
m en ts , T his i s  n o t s u r p r i s in g  a s  n o t much l i n e a r  grow th i s  ta k e n  from 
snow brush, "Die m ule d e e r  fe e d  on t h i s  p la n t  by s t r ip p in g  th e  le a v e s  o f f  
th e  b ran c h es  and th e  w e ig h t method ta k e s  th e  le a v e s  i n to  acco u n t w h ile  
th e  l i n e a r  method does n o t .  W ith th e  h e a v ie r  u t i l i z a t i o n  o f  snowbrush 
on th e  low er key a re a  d u r in g  th e  I 96I -6 2  w in te r ,  th e  d i f f e r e n c e  betw een 
m ethods became a p p a re n t ,  wl-xile i n  th e  p re v io u s  y e a r  and on th e  u p p e r key 
a r e a  d u r in g  th e  I 96I -6 2  y e a r ,  th e  u t i l i z a t i o n  on snowbrush was low  and 
th e  number o f  u t i l i z e d  sh ru b s  a ls o  was low . T his r e s u l te d  in  w ide 
c o n fid e n c e  l i m i t s  t h a t  masked th e  d i f f e r e n c e  betw een th e  two m ethods.
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T able 7 p o in ts  o u t th e  d i f f e r e n c e  i n  th e  amount o f  u t i l i z a t i o n  
on each  sp e c ie s»  S e rv ie e b e r ry  and c h o k ech erry , th e  lo w e s t p ro d u ce rs  
o f  th e  f o u r  s p e c ie s  sam.pled on th e s e  two a re a s ,  a r e  th e  m ost h e a v i ly  
u t i l i z e d .  T his i n d ic a t e s  a p re fe re n c e  f o r  chokecheiTy and s e rv ic e b e r ry  
by th e  m ule d e e r .  Snowbrush cean o th u s i s  n o t a s  h e a v i ly  u t i l i z e d  a s  
s e r v ic e b e r r y  and chokecherryo b u t  th e  t o t a l  amount o f  i t  t h a t  i s  tak en  
i s  much g r e a te r  th a n  th e  o th e r  s p e c ie s .  I t  p roduces th e  m ost v e g e ta t io n  
on th e  key a r e a s  and i t  s e rv e s  a s  th e  b u lk  o f  th e  mule d e e r  d i e t ,  
N inebark  a p p e a rs  to  be c o m p le te ly  w o r th le s s  a s  d e e r  fo ra g e  on t h i s  ran g e ; 
even though  i t  i s  th e  second h ig h e s t  p ro d u ce r i t  i s  n o t e a te n .
In  th e  s p r in g  o f  1962, when th e  w in te r  u se  was m easured and 
c a lc u la te d ,  i t  was n o ted  t h a t  in  s p i t e  o f  th e  d e e r  c o n c e n tra tio n  on th e  
low  p ro d u c in g , lo w er key a re a ,  u t i l i z a t i o n  was n o t a s  h ig h  a s  would be 
ex p e c te d . In  m aking f i e l d  o b s e rv a t io n s  i t  became obvious t h a t  an 
a v a i l a b i l i t y  c r i t e r i a  o f  ground l e v e l  to  s ix  f e e t  in c lu d e d  some p la n ts  
t h a t  w ere u n a v a i la b le  f o r  san e  rea so n  o r  a n o th e r . The d i s t r i b u t i o n  o f  
snow ap p eared  to  be th e  c h ie f  f a c t o r  m aking some p la n ts  u n a v a i la b le .  
P la n ts  i n  g u l l i e s ,  i n  t h ic k e t s  below  t r e e s ,  and on th e  r id g e  to p s  
w here snow d r i f t s  form , were o f te n  unused w h ile  on n e ig h b o rin g  open 
a r e a s ,  u t i l i z a t i o n  approached  one hundred p e rc e n t .  T aber and Dasraann 
(1958 ) found t h a t  i n  th e  C a l i f o r n ia  c h a p a r ra l  o n ly  te n  o r  f i f t e e n  
p e rc e n t  o f  th e  fo ra g e  w ith in  re a c h  o f  tn e  d e e r  may be u t i l i z e d .  T h e ir  
problem  was p ro b a b ly  compounded somewhat by th e  d en se , th ic k e t  p ro d u c in g , 
brow se p la n t s  t h a t  th e y  w ere w orking w ith , b u t th e  same problem  of 
a v a i l a b i l i t y  o c c u rs  on d e e r  ra n g e s  i n  more open ty p e s ,
A sh a rp  d ro p  in  te m p e ra tu re  from  around f r e e z in g  to  -230  F , ,
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j u s t  p r i o r  to  th e  tim e  th e  d e e r  moved o n to  th e  lo w er a re a  in  1962, 
r e s u l t e d  i n  th e  f r e e z in g  o f  a l l  p o r t io n s  o f  th e  snowbrush p la n t s  t h a t  
w ere n o t  snow c o v e red . I t  was no ted  t h a t  th e  d e e r  d id  n o t u t i l i z e  
th e  f ro z e n  p o r t io n s  o f  th e  p la n t  a s  much a s  th e y  d id  th e  u n fro zen  
p o r t io n s .  On some bushes i t  was no ted  t h a t  p r a c t i c a l l y  a l l  th e  
u n fro z e n  p a r t s  o f  th e  snowbrush bush was browsed b u t th e  f ro z e n  p a r t  
on th e  to p  o f  th e  bush was l e f t  un touched . The le a v e s  o f  snow brush, 
an  e v e rg re e n  member o f  th e  fa m ily  Rhamnaceae. a r e  e s s e n t i a l l y  th e  o n ly  
p o r t io n  o f  th e  p la n t  t h a t  th e  d e e r  u t i l i z e  and th e  le a v e s  were th e  
p a r t  o f  th e  p la n t  w hich were f ro z e n . F ro s t ,  th e n , i s  a n o th e r  f a c t o r  
t h a t  can  l i m i t  th e  a v a i l a b i l i t y  o f  d e e r  fo ra g e  in  some in s ta n c e s .
An e f f o r t  was made to  a s s e s s  th e  im portance  o f  th e  unm easurab le  
f a c t o r s  a g a in s t  a v a i l a b i l i t y  and th e  im portance  t h a t  f r e e z in g  had on 
snow brush u t i l i z a t i o n .  T ab le  8 i s  th e  r e s u l . t .
T ab le  8 , A m easure o f  th e  d eg ree  o f  u n a v a i la b i l i t y  o f  p la n ts  
u n d e r s ix  f e e t  and th e  e f f e c t  o f  f r e e z in g  on snowbrush cean o th u s on 
th e  Wallman Ridge lo w er a re a ,  w in te r  1961=62.
S p e c ie s
T o ta l
Bushes










T o ta l Bushes 












* 62^ o f  th e  C. v e lu tln u .5  f r c a e .
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I n  i n t e r p r e t i n g  T able 8 , i t  i s  assumed t h a t  on th e  lo w er key
a re a  a l l  o f  th e  a v a i la b le  brow se was u t i l i z e d  to  some d e g re e . I f  any
tag g ed  bush  was u n u t i l i z e d ,  th e n  i t  was c o n s id e re d  u n a v a ila b le .
T h e re fo re , 91 p e rc e n t  o f  th e  s e rv ic e b e r ry  on th e  a re a  was a v a i la b le .
The a v a i l a b l e  s e r v ic e b e r r y  was u t i l i z e d  52 p e rc e n t  a s  compared to  4-8 
p e rc e n t  f o r  th e  u t i l i z a t i o n  on a l l  th e  tagged  s e rv ic e b e r ry  sh ru b s ,
A s im i l a r  r e l a t i o n s h i p  e x i s t s  f o r  ch o k ech erry , b u t th e  v a lu e s  a r e  
h ig h e r .
S ix ty -tw o  p e rc e n t  o f  th e  snowbrush on th e  lo w er key a re a  f ro z e  
d u r in g  th e  1961-62 w in te r .  Of th e  t o t a l  number o f  b u sh es , 4-6 p e rc e n t  
o f  th e  f ro z e n  ones w ere browsed compared to  84- p e rc e n t  o f  th e  u n fro ze n  
b u sh e s . The a v e ra g e  u t i l i z a t i o n  o f  th e  f ro z e n  p la n ts  was 46 p e rc e n t  a s  
compared to  6? p e rc e n t  o f  th e  u n fro ze n  fo ra g e . The mean o v e r a l l  u se  
o f  snow brush, in c lu d in g  n o n - u t i l i z e d  p l a n t s ,  f ro z e n  and u n fro z e n  o n es, 
was 35 p e rc e n t .  T here i s  a  s tro n g  in d ic a t io n  t h a t  i f  t h i s  brow se p la n t
had n o t  f ro z e n , o v e r a l l  u se  would have been g r e a t e r .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  when c a lc u la t io n s  were made o f  
th e  p e rc e n t  u t i l i z a t i o n  on th e  u p p er key a re a ,  u s in g  o n ly  th e  bushes 
t h a t  w ere u t i l i z e d  f o r  th e  c a l c u l a t io n s ,  th e  p e rc e n ta g e s  co rresponded  
c lo s e ly  to  s im i la r  v a lu e s  i n  T able 8 , from  th e  lo w er key a re a .  The 
u p p e r a r e a  had l i g h t e r  u se  d u rin g  t h i s  w in te r ,  how ever, and i t  i s  f e l t  
t h a t  some o f  th e  u n u t i l i z e d  brow se was a v a i la b le  to  th e  d e e r .  I f  
t h i s  i s  t r u e ,  th e n  p o s s ib ly  th e  amount o f  u t i l i z a t i o n  on an a re a  may 
be  r e f l e c t e d  by th e  number o f  p la n t s  o r  b ran ch es browsed and n o t th e  
d e g re e  o f  b row sing  on each b ranch  o r  bush . T his would in d ic a te  t h a t  
th e  m ethods o f  m easu ring  u t i l i z a t i o n  p re s e n te d  by Passmore and Hepburn
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(1955) and Cole (1958) would be v e ry  e f f e c t i v e .  W ith t h e i r  m ethods, 
th e  d e g re e  o f  u t i l i z a t i o n  i s  c a lc u la te d  from  th e  number o f  stem s 
brow sed, w ith  no r e fe re n c e  made to  how much o f  th e  stem  i s  u t i l i z e d .
The r e s u l t s  o f  th e  browse p ro d u c tio n  e s t im a te s  on th e  e n t i r e  
w in te r  ran g e  a r e  p re s e n te d  in  T ab les 9 and 10 , A reas 1 to  7 a r e  th e  
same a s  w ere d is c u s s e d  p re v io u s ly  w ith  re g a rd  to  t r e e  abundance and 
b o ta n ic a l  c o m p o s itio n . The two key a re a s  a re  p re se n te d  s e p a r a te ly  f o r  
com parison . I t  w i l l  be n o ted  t h a t  th e  v a lu e s  f o r  Area 1 in  th e  
p ro d u c tio n  t a b l e s ,  and a ls o  i n  th e  u t i l i z a t i o n  t a b l e s  t h a t  fo llo w , a re  
th e  a v e rag e  p ro d u c tio n  f ig u r e s  f o r  th e  f i v e  su b ty p es  w hich, to g e th e r  
w ith  th e  key a r e a s ,  make up Area 1 , The d a ta  was an a ly zed  on th e  b a s is  
o f  th e  t o t a l  t h i r t e e n  ty p e s  and su b ty p e s , n o t th e  n in e  ty p es  p re s e n te d  
h e r e .
The a n a ly s i s  o f  v a r ia n c e  t e s t  was used  to  d e te rm in e  th e  e f f e c t  
o f  s p e c ie s ,  a r e a ,  and y e a r s  on th e  p ro d u c tio n  o f  th e  th r e e  m ost 
p a la ta b l e  s p e c ie s  (T ab le  26, Appendix B), The r e s u l t s  in d ic a te  
t h a t  s p e c ie s  h as th e  p r in c ip a l  e f f e c t  on p ro d u c tio n , Snowbrush 
p ro d u ces a  much g r e a te r  amount i n  p ro p o r t io n  to  i t s  abundance th an  
does s e r v ic e b e r r y  and c h o k ech erry  (T ab le  9 : 10; 27, Appendix B ),
Area h as i t s  e f f e c t  on p ro d u c tio n , b u t  th e  e f f e c t  i s  much l e s s  th an  
t h a t  caused  by s p e c ie s .  T able  27 , Appendix B, p re s e n ts  th e  r e s u l t  
o f  a  t e s t  f o r  th e  d i f f e r e n c e  i n  p ro d u c tio n  betw een a re a s .  The a re a s  
a r e  s i g n i f i c a n t l y  d i f f e r e n t ,  b u t  no one i s  s i g n i f i c a n t l y  d i f f e r e n t  
from  a l l  th e  o th e r s .  T hat i s ,  th e  h e a v ie s t  p ro d u ce r i s  d i f f e r e n t  
from  th e  lo w er p ro d u cin g  a r e a s ,  b u t  t h i s  a re a  i s  n o t s i g n i f i c a n t l y  a  
h e a v ie r  p ro d u c e r  th a n  th e  second h e a v ie s t  p roducing  a re a  and so on down
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T ab le  9 . P ro d u c tio n  in  pounds p e r  a c re  o f  th e  browse s p e c ie s
o f  v e g e ta t io n  on Wallman R idge, f a l l ,  19^0.
P ro d u c tio n  ( l b . /A . )
Lower 
S p e c ie s  Key Area
Upper 
Key Area 1-^’ 2 3
Area Number 
4  5 6 7
P re fe r r e d
Amal 2) .2 1 0 .3 1 3 .5 1 4 ,7 22.6 7 .0 6 .0 8 .3 4 .9
Ceve 209 .9 9 28 .5 761.0 781 .5 680,6 117.8  531.4 8 5 .0 8 4 .4
Mare 7 .8 1 9 .5 8 .5 37.8 10 .6 7 .3 1 8 .7 8 .8
P rv i  _ 6 .2 7 .8 1 3 .7 . 7 .2 1 .6 6 .6 .2
T o ta l 224 .1 966 .1 796 .7 8 4 1 .2 713 .4 1 3 1 .4  544.9 1 1 2 .2 9 8 .1
In te rm e d ia te
A cgl .4 .6 .6 1 .3 3 .3 1 .6
Aruv .6 20 .0 7 .8 9 0 .5 7 6 .7 2 .0 117.3 2 9 .1 5 7 .2
Rowo .4 .3 3 .4 3 .8 1 .0 .2
Vame .4 2 .4 .7
O thers 2 .7 2.0 7 .4 1 .0
T o ta l 1 .0 2 0 .3 11%%" 9 4 .9 8 1 ,4 2 .0 121.0 4 2 .2 6 0 .3
Not P re fe r r e d
Phma 1 5 .5 51 .7 4 3 .6 3 3 .3 8 .3 6 .2 17 .8 8 .9 18 .9
Prem 3 .6
Spbe . .3 1 .3 2 .3 .6 ,1 1 .9 2 .1 2 .0
S yal Td/ .4 3 .8 3 .6 1 .4 2 .8 .6 .4 .7
O th e rs .2 .7 , 3 .3 1 .0 .1 .6 1 .0
T o ta l 1 5 .7 5 2 .4 5 1 .4 5 4 .7 1 4 .9 9 .1 20 ,4 1 2 .0 22.6
W eighted mean o f  f i v e  sh rub  su b ty p e s ,
2) See p l a n t  l i s t .  Appendix C, f o r  a b b re v ia t io n s .
3) T means "T race" .
th e  l i n e  th ro u g h  th e  lo w e s t p ro d u c e r.
T here was no s i g n i f i c a n t  d i f f e r e n c e  betw een th e  i 960 and 196I  
p ro d u c tio n . A s i g n i f i c a n t  i n t e r a c t i o n  o c cu rred  betw een s p e c ie s  and 
a r e a .  T his p ro b ab ly  was caused  by th e  heavy in f lu e n c e  o f  snow brush 
on th e  t o t a l  p ro d u c tio n  f o r  th e  a r e a s .  T h is p la n t  p roduces such  a 
l a r g e  amount o f  fo ra g e  in  p ro p o r t io n  to  th e  o th e r  two s p e c ie s  t e s t e d ,
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T able  10 . P ro d u c tio n  i n  pounds p e r  a c re  o f  th e  browse sp e c ie s
o f  v e g e ta t io n  on Wallman R idge, f a l l ,  I 96I .
P ro d u c tio n  ( l b . /A . )
Lower 
S p e c ie s  Key Area
Upper 
Key Area 1 2 3 4 .._.5.... 6 7
P re fe r r e d
Amal^^ .6  
Ceve* 238 .1  































T o ta l 251 .1 899 .9 4 7 6 .8 585 .5 542 .5 4 9 8 .2 314.2 110 .8 4 7 .6
In te rm e d ia te
Acgl
Aruv 1 4 ,9  
Rowo , 3 
Vame 




























T o ta l  1 5 .2 1 4 .5 21 .7 32 .0 21 .5 9 .4 23 .1 30 .1 1 26 .4
Not P re fe r r e d
Fhma 1 6 .9  
Prem
Spbe T 





























T o ta l 1&.9 7 8 .4 27 . ^ 37 .5 9 .3 1 9 .0 4 4 .7 1 9 .4 2 0 .1
* ^  F rozen  Ceve 62 1? 7 1 3 9 0 0 0
  /  f t  WWVA J.UW(3il4 VJk
2) See p l a n t  l i s t ,  Appendix C, f o r  a b b re v ia t io n s .
t h a t  any  change i n  i t s  p ro d u c tio n  would s i g n i f i c a n t l y  in f lu e n c e  th e  
t o t a l  p ro d u c tio n .
A s i g n i f i c a n t  i n t e r a c t io n  o c c u rre d  betw een sp e c ie s  and y e a r s ,  
b u t  i t  was o f  l e s s  m agnitude  th a n  th e  e f f e c t  o f  s p e c ie s  on a r e a ,  
Snowbrush, w ith  i t s  u n p ro p o r t io n a l  in f lu e n c e ,  produced somewhat l e s s  
f o r a g e  i n  I 96I  th a n  in  i 960 and t h i s  e f f e c t  on y e a rs  was enough to  be
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s i g n i f i c a n t .
The amount o f  snowbrush t h a t  was f ro z e n  in  th e  w in te r  o f  I 96I -62
i s  in d ic a te d  in  T able  1 0 , The e f f e c t  was m ai.nly l im i te d  to  th e  key
a r e a s .  About te n  p e rc e n t  o f  th e  snowbrush on th e  range  su rro u n d in g  
th e  u p p e r key  a re a  was f ro z e n ,  Ttie seven  p e rc e n t i n  Area 1 and th e  
n in e  p e rc e n t  i n  A rea 4  r e f l e c t  t h i s  a s  th e y  a r e  a d ja c e n t  to  th e  upper 
key a r e a .  The amount o f  damage was a p p a re n t ly  dependen t on th e  amount 
o f  snow brush t h a t  was uncovered  fcy snow.
U sing th e  c r i t e r i o n  t h a t  th e  d e e r  can u t i l i z e  any fo ra g e  up to
s ix  f e e t ,  i t  was d isc o v e re d  t h a t  a lm o st a l l  o f  th e  annual grow th o f  th e  
sh ru b  s p e c ie s  was a v a i la b le  to  th e  m ule d e e r  (T ab le  1 1 ) .  Two s p e c ie s ,  
m ounta in  m aple (A cer g labrum ) and w illo w  (S a l ix  sp . ) had a h ig h  p e rc e n t­
age  o f  u n a v a i la b le  fo ra g e  w here th e s e  p la n t s  o c cu r, b u t th ey  added v e ry  
l i t t l e  t o  th e  t o t a l  pounds o f  fo ra g e  produced on th e  w in te r  ran g e  s in c e  
th e r e  a r e  o n ly  o c c a s io n a l ,  s c a t t e r e d  p la n t s  o f  th e s e  sp e c ie s  on Wallman 
R idge.
The u t i l i z a t i o n  o f  browse on Wallman R idge f o r  th e  two w in te rs  
o f  th e  s tu d y  i s  p re s e n te d  in  T ab les  12 , 13 , 14 , and 1 5 . T ables 12  and 
13  p r e s e n t  d a ta  on th e  p e rc e n t  o f  th e  fo ra g e  t h a t  was u t i l i z e d  and 
T ab les 14 and 15 p r e s e n t  th e  u t i l i z a t i o n  in  pounds p e r  a c re .
The g r e a t e s t  p e rc e n t  u t i l i z a t i o n  was on s e rv ic e b e r ry  and choke­
c h e r ry  f o r  b o th  w in te r s .  These a r e  th e  key p la n t s  on th e  w in te r  range  
and d e e r  management shou ld  be keyed to  th e s e  s p e c ie s ,  Snowbrush was 
u t i l i z e d  l e s s  h e a v i ly ,  b u t  T ab les l 4  and 15 in d ic a t e ,  a g a in , t h a t  t h i s  
p l a n t  i s  th e  s t a p le  fo ra g e  p la n t  o f  th e  m ule d e e r .  N inebark , a v e ry  
common s p e c ie s ,  i s  p r a c t i c a l l y  im used by th e  m ule d e e r .  S p ira e a  and
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T ab le  1 1 . The a v a ,i la b ï l i t .y  o f  sh ru b s  on Wallman Ridge (Mean o f 
two y e a r s ) .
Lower Upper . Area number
Key A rea Key Area 1 ^ / 2 3 4  5
A cgl^)
Ib /A  Prod 
Ib /A  Unav 
^  Unav









5 .0  7 ,8  
2 .2  7 .0  
44 90
Amal
lb /A  Prod 











9 .3  2 0 .6





8 ,7  1 1 .5  5 .8
1 .4  3 ,9  0 
16 34 0
Fhraa
lb /A  Prod 




















29.9 1 3 .0  1 7 .8  
0 0 T 
0 0 T
P rv i
lb /A  Prod 

























lb /A  Prod 
lb /A  Unav 
^  Unav
0 0 0 0 5 .0
3 .7
74
0 6 .3  1 2 .2  .3  
5 .5  4 .8  ,3  
83 39 100
1 )  W eighted mean o f  f iv y  sh ru b  sd b ty p ^ Z
2) See p la n t  l i s t .  Appendix G, f o r  a b b re r la t :a o n s .
snow berry  a r e  s im i l a r  to  n in e b a rk  i n  t h i s  r e s p e c t .  O ther fo ra g e  p la n t s ,  
such  a s  m ountain  m aple, w illo w , ro s e  (Rosa sp . ) ,  and k in n ik in n ic k  
(A rc to s ta p h y lo s  u v a - u r s i ) ,  w h ile  p ro b ab ly  p a la ta b le  to  th e  d e e r , a re  
i n  such  low  abundance t h a t  th e y  p ro v id e  a v e ry  sm all p e rc e n t o f  th e  
t o t a l  d i e t .
The p e rc e n t  u tjJL ia a tio ri o f  s e r v ic e b e r ry  and snowbrush w ere each 
t e s t e d  a s  t o  th e  e f f e c t  o f  y e a r  and a re a  w ith  an a n a ly s i s  o f v a r ia n c e  
(T a b le s  28, 29; Appendix B), As o h okecherry  does n o t o ccu r o v e r th e  
e n t i r e  w in te r  ra n g e , i t  was n o t in c lu d e d  in  th e s e  t e s t s .
In  each ca se  i t  was found t h a t  th e  p rin fd .p a l d i f f e r e n c e  in
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T ab le  12 . P e rc e n t at i l . i z a t io n  o f  browse on Wallman R idge, w in te r ,
P e rc e n t
Lower 
S p e c ie s  Key Area
Upper 




4 _ 5  _ _ 6 7
P re fe r r e d
Amal2) 9 23 12 10 6 18 13 1 1
Ceve 6 4- 4 6 2 24 4 3 8
Mare 10 1. 6 5 2 T T
P rv i  10 26 9 6 3 23 25
In te rm e d ia te
Acgl 2 4 T 5 T




J to t  p r e f e r r e d




O th e rs T
2) See p la n t  l i s t ,  Appendix C, f o r  a b b re v ia t io n s ,
u t i l i z a t i o n  was th e  d i f f e r e n c e  between y e a r s .  Tne p e rc e n t u t i l i z a t i o n  
was h ig h e r  d a r in g  th e  w in te r  c f  196j ..62, and T able l6  shows t h a t  th e  
t o t a l  amount u t i l i z e d  d u r in g  th a t  w in te r  a ls o  exceeded th e  w in te r  b e fo re .  
T o ta l u t i l i z a t i o n  in  1961-62 amounted to  228^ o f t h a t  in  th e  w in te r  o f
1960- 6 1 .
The a n a ly s i s  o f  v a r ia n c e  t e s t  in d ic a te d  t h a t  th e r e  was no 
s i g n i f i c a n t  d i f f e r e n c e  a t  th e  95^ l e v e l  i n  th e  p e rc e n t  u t i l i z a t i o n  on
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T able 13 . P e rc e n t u t i l i z a t i o n  o f  browse on Wallman R idge, w in te r ,
1961 - 6 2 .
P e rce n t








4 5 6 7
P r e f e r r e d
Amal^) 48 44 15 22 12 24 19 3 3
Ceve 35 15 15 8 3 19 6 10
Mare 14 14
P rv i 67 48 26 19 10 28
In te rm e d ia te
A cgl 1 42
Aruv 9
Rowo 50 T 50
Vame
O thers






1^ W eighted mean o f  f i v e  shimb su b ty p e s .







th e  v a r io u s  sam ple a r e a s .  W hile th e  d i f f e r e n c e  i n  th e  p e rc e n t u se  was 
n o t  s i g n i f i c a n t ,  i t  a p p e a rs  t h a t  w ith  a l a r g e r  sam ple, i t  would be 
p o s s ib le  t o  o b ta in  a  d i f f e r e n c e  betw een a r e a s .  The p e rc e n t u se  on 
s e r v ic e b e r r y  was c o n s id e ra b ly  i.e ss  ir . A reas 6 and 7 where th e  t r e e  
d e n s i ty  i s  h ig h e r  th a n  on th e  r e s t  o f  th e  a r e a s  where th e  t r e e s  a re  
more s c a t t e r e d .  E xcept f o r  th e  two key a re a s  which were h e a v ily  
u t i l i z e d ,  th e  u se  was f a i r l y  c o n s ta n t  o u ts id e  th e  two wooded a r e a s .
In fo rm a tio n  g a th e re d  on th e  fo im  c la s s  o f  th e  two key s p e c ie s .
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T ab le  14 . U t i l i z a t i o n  in  pounds p e r  a c re  o f  browse s p e c ie s  on 
Wallman R idge, w in te r ,  1960-61 .
U t i l i z a t i o n  ( l b . /A . )
S p e c ie s
Lower Upper 
Key Area Key Area 1^) 2 3 4 5 6 7

































S u b to ta l  1 3 .2 T o r s 2 7 .6 4 0 .1 1 0 .4 3 3 7 4 1 3 .8 3 .4 2 .1
In te rm e d ia te T T 1 .0 .3 .5 2 .0 .3
Not P re fe r r e d T .4 .1 .1 .2
T o ta l 1 3 .2 4 1 .8 27.6 4 1 .1 1 1 .1 24.0 15 .8 3 .8 2 .3
1 ) W eighted mean o f  f i v e  sh ru b  su b ty p e s .
2) See p l a n t  l i s t .  Appendix G, f o r  a b b re v ia t io n s .
T able  
Wallman Ridge
150 U t i l i z a t i o n  in  pounds p e r  a c re  
i, w in te r ,  I 96I - 62 ,
o f  browse speclie s on
U t i l i z a t i o n  ( l b . /A . )
S p e c ie s
Lower Upper 
Key Area Key Area l l )  2 3 4 5 6 7
P re fe r r e d




























S u b to ta l  8 5 09 1 4 0 .1 66 ,9 1 5 .4 31 .2 7 3 .3 15 .6 .1 1 .9
In te rm e d ia te T .1 1 .0 T T T
Not p r e f e r r e d T .1
T o ta l 8 5 .9 140 .1 6 7 .0 1 5 .4 3 2 .2 7 3 .3 15 .6 ,1 2 .0
2) See p l a n t  l i s t .  Appendix C, f o r  a b b re v ia t io n s .
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T ab le  l 6 .  T o ta l pounds o f  brow se u t i l i z e d  on Wallman R idge, 
w in te r ,  I 96O-6I ;  w in te r ,  1961-62 ,







Area i D 2
Area Number
3 4 5 6 7 T o ta l
1960-61 504 1326 7270 1360 4239 168 2790 403 342 I 860 2
1961-62 3281 5114 17648 510 12297 513 2755 11 298 42427
1) W eighted mean o f  f i v e  sh rub  su b ty p e s .
s e r v ic e b e r r y  and c h o k ech erry , s u b s ta n t i a t e s  th e  th e o ry  t h a t  th e  t r e e  
d e n s i ty  i n d i r e c t l y  o r  d i r e c t l y  a f f e c t s  th e  u t i l i z a t i o n  on an a re a  
(T ab le  1 7 ) .  Form c la s s  i s  an i n d ic a to r  o f  p a s t  u se  and th e  d i s t r i b u t i o n  
o f  th e  form  c la s s  on Wallman Ridge i n d ic a t e s  t h a t  u se  has been somewhat 
l e s s  on A rea 5 (69 t r e e s / A , ) th a n  on th e  low er numbered a re a s  (31 
t r e e s /A ,  o r  l e s s ) .  On Area 6 , w ith  99 t r e e s /A ;  and Area 7» hav ing  
583 t r e e s / A . ,  th e  d i s t r i b u t i o n  i s  even more w id esp read . On th e s e  
a r e a s ,  th e  m a jo r i ty  o f  th e  sh ru b s  a r e  in  th e  l i g h t l y  hedged and 
m o d e ra te ly  hedged c l a s s e s .  T h is i s  n o t th e  c a se  on th e  more open 
a r e a s .  T here , a lm o s t a l l  o f  th e  sh ru b s  a r e  s e v e re ly  hedged and v e ry  
few  a r e  a b le  to  grow o v e r s i x  f e e t  t a l l  and beccme u n a v a ila b le  to  th e  
d e e r .
Forage  q u a l i t y . D ie -o f f s  among d e e r  a re  g e n e ra l ly  reco g n ized  
among b ig  game m anagers a s  be ing  an in d ic a t io n  o f  in ad e q u a te  n u t r i t i o n .  
The q u a l i t y  o f  th e  fo ra g e ,  th e r e f o r e ,  i s  a  f a c t o r  w orth  c o n s id e r in g , 
p a r t i c u l a r l y  in  re g a rd s  to  w in te r  ra n g e s . Summer fo ra g e  seldom i s  
a  problem  due to  th e  l a r g e  q u a n t i ty  and w ide s e l e c t io n  a v a i la b le ,  b u t 
f o r a g e  su p p ly  o f  a d eq u a te  q u a l i t y  i s  u s u a l ly  a  l im i t i n g  f a c to r  on
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T ab le  1 7 . The d i s t r i b u t i o n  o f  s e r v ic e b e r ry  (A m elanchier 
a l n i f o l i a ) and ch o k ech erry  ( Prunus v i r g in i a n a ) i n  th e  v a r io u s  form 
c l a s s e s .
P e rc e n t
Form




Key Area 1^ ) 2
Area Number
3 ^ 5 6 7
1 AmalZ) 1 2 35 9_..._
P rv i
2 Amal 2 2 8 8 2 18 .. 9 ....
P rv i
_5 2
3 Amal 100 98 93 8? 85 98 52 15 25
P rv i 96 100 95 98 100 100
4 Amal 15 .3 0 .
P rv i
5 Amal 5 20 10 6
P rv i
6 Amal 4 2 2 28 8 1





W eighted mean o f  f i v e  sh ru b  su b ty p e s .
See p l a n t  l i s t .  Appendix C, f o r  a b b re v ia t io n s .
w in te r  ra n g e s .
To a id  i n  th e  e v a lu a t io n  o f  th e  w in te r  ran g e  on Wallman R idge, 
sam ples o f  th e  key brow se p la n t s  were c h e m ic a lly  a n a ly ze d . R e su lts  
a r e  p re s e n te d  i n  T ab le  1 8 , Each v a lu e  i s  an a v e rag e  o f  fo u r  sam ples, 
one sam ple ta k e n  a t  th e  b e g in n in g  and one a t  th e  end o f  each o f  th e  two 
w in te r s  o f  s tu d y .
Crude p r o te in  l e v e l s  a r e  c o n s id e re d  th e  m ost s i g n i f i c a n t  in d ex
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T ab le  1 8 , Chem ical a n a ly s i s  o f  th e  p r in c ip a l  fo ra g e  p la n ts  o f
m ale  d e e r  on w in te r  ra n g e . R a tt le s n a k e  C reek, I 96O -I962,
P e rc e n t
Crude N itro g en  F ree  
S p e c ie s  P ro te in  E x tra c t  Crude F ib e r  R iosphorus
Amal 5 .7  3-9 27.8  .12
Ceve 9 .4  7 .0  1 2 .3  .09
-P rv i 8 .6  2 .4  28 .4  ,1 ?
in  d i s t in g u i s h in g  betw een "good" and "poor" d e e r  fo ra g e  sp e c ie s  (Hagen, 
1953; B i s s e l l  and S tro n g , 1 9 5 5 ). S tu d ie s  o f p r o te in  req u ire m e n ts  have 
e s ta b l is h e d  th e  minimum l e v e l s  f o r  d e e r  to  be f iv e  p e rc e n t in  Oregon 
(E in a rse n , 1946) and seven  o r  e ig h t  p e rc e n t  in  C a li f o rn ia  (L eopold , 
e t  , 1951 ; L o n g h u rst, Leopold and Dasraann, 1 9 5 2 ). Judging  from 
th e s e  r e s u l t s ,  th e  fo ra g e  on th e  R a tt le s n a k e  Creek w in te r  range  shou ld  
be a d e q u a te . Only th e  q u a l i t y  o f  s e rv ic e b e r ry  may be q u e s tio n e d ,
D ie tz , e t  a l . ,  (1958), w orking in  C olorado , found s e rv ic e b e r ry  to  
c o n ta in  6 .1 5 ^  c ru d e  p r o te in  i n  a  l a t e  f a l l  sam ple and 7 .0 4 ^  in  a  l a t e  
w in te r  sam ple. Our sam ple i s  5 .7 $  c ru d e  p r o te in .  S e rv ic e b e rry  would 
a p p ea r to  be a  m arg in a l "good" fo ra g e  p la n t .  S in ce  t h i s  s p e c ie s  i s  
one o f  th e  key fo ra g e  p la n t s  on w e s te rn  Montana mule d e e r  ran g es  
(A sher, 1951; C a r te r ,  1951 ), i t  may well, be t h a t  some a t t r i b u t e  o th e r  
th a n  c ru d e  p r o te in  makes i t  p r e f e r r e d  by d e e r .
Phosphorus c o n te n t  i s  a n o th e r  a s p e c t  o f  fo ra g e  q u a l i ty  t h a t  i s  
im p o r ta n t  to  th e  w e ll  b e in g  o f  d e e r  (L o v e le ss , 1959). T his may e x p la in  
th e  a p p a re n t  p r e fe re n c e  th e  d e e r  have f o r  th e  s e rv ic e b e r ry  and choke­
c h e r ry  p la n t s  o v e r  th e  snowbrush cean o th u s  on Wallman R idge. These 
w in te r  fo o d s , how ever, c o n ta in  o n ly  m arginal, am ounts o f  t h i s  e lem en t.
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M orrison  (1957) sa y s  t h a t  c a t t l e  and sheep  feed  shou ld  c o n ta in  n o t l e s s  
th a n  ,1 7  p e rc e n t  phospho rus; th e r e f o r e ,  chokecherry  would m eet o n ly  th e  
minimum re q u ire m e n t, D ie tz ,  e t  a l „, (1958) s t a t e s  t h a t ,  in  g e n e ra l ,  th e  
d ec id u o u s sh ru b s  p ro v id e  o n ly  m ain tenance  d i e t s  f o r  d e e r  a f t e r  t h e i r  
l e a v e s  a r e  d ead . I f  t h i s  i s  so , and m ain tenance  i s  a l l  t h a t  can be 
ex p ec ted  on w in te r  ra n g e , th e n  th e  Wallman Ridge fo ra g e  i s  p ro b ab ly  
o f  a d e q u a te  q u a l i t y .  These minimum req u ire m e n ts  d is c u s se d  h e re  a re  
f o r  a d u l t  a n im a ls , how ever, so faw ns, w hich need added n u t r i e n t s  f o r  
g row th , p ro b a b ly  s u f f e r  somewhat from  m a ln u t r i t io n  d u rin g  ev ery  w in te r .  
The d e s i r a b i l i t y  o f  an e v e rg ree n  p la n t ,  such a s  snow brush, i s  
b ro u g h t o u t in  ou r sam ple. The h ig h  p r o te in  and low c ru d e  f i b e r
Food Item s
Snowbrush Ceanothus 
C eanothus v e lu t irm s
G rasses  and 
Sedges
S e rv ic e b e r ry  
A m elanch ier a l n i f o l i a
C hokecherry  
P runus v i r g in ia n a
C reep ing  Mahonia 
M ahonia rep en s
H erbaceous P la n ts
M isc . Food Item s
P en . eut,
0 20 40  60 80 100r — —IT




m  4 .V
1 .7
.6







3 F requency  o f 
O ccurrence
F ig u re  7 . P r in c ip a l  fe e d s  i n  th e  d i e t  o f th e  d e e r  on th e  R a t t l e ­
snake  w in te r  ra n g e , Ja n u a ry  - A p r i l ,  1958,
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p e rc e n t  p ro b a b ly  r e f l e c t s  p ra s^ n ^ e  of le a v e s  r a t h e r  th an  j u s t  th e  
woody p la n t  stem s o f  th e  d ec id u o u s specie ,:,, Tne h ig h e r  n i tro g e n  f r e e  
e x t r a c t  c o n te n t  o f  t h i s  p la n t  was su s p a t e d  from th e  f ra g ra n c e  no ted  
when th e  p la n t  was d r i e d ,  Howard (1922) c la s s e d  th e  f r a g r a n t  e x u d a tio n  
o f  t h i s  s p e c ie s  a s  a  ba lsam .
Food h a b i t s . The c o n te n ts  o f  e ig h te e n  rumen sam ples, c o l le c te d  
betw een Ja n u a ry  se v e n th  and A p r i l  second in  1.958, a r e  p re se n te d  in  
F ig u re  7 . The w in te r  o f  1958 was an  open w in te r  wi,th snow c o n d itio n s  
s im i l a r  to  th o s e  o f  th e  w in te r  o f I 96O-6I .  The food h a b i t s  shoul.d, 
t h e r e f o r e ,  be i n d ic a t i v e  o f  w hat th e  food  h a b i t s  w ere d u rin g  th e  f i r s t  
y e a r  o f  t h i s  s tu d y . Ho d a ta  a r e  a v a i la b le  f o r  food h a b i t s  o f  th e  
R a tt le s n a k e  m ule d e e r  d u r in g  a  se v e re  w in te r ,  ex cep t f o r  th e  g e n e ra l 
in d ic a t io n s  o f  w in te r  ran g e  u t i l i . z a t i o n  s tu d ie s  in  I 96I - 62 .
The prom inence o f  sncwbrv.sh in  th e  d i e t  i n d ic a te s  th e  im portance  
o f  t h i s  p la n t  i n  th e  w in te r  d i e t .  A lso , th e  o ccu rren ce  o f  g ra s s e s  and 
sedges i s  s u r p r i s in g ly  h ig h . The o n ly  g ra s s  a v a i la b le  to  th e  d e e r  
d u r in g  th e  w in te r  m onths i s  th e  d r ie d  m a te r ia l  from  th e  p re v io u s  growing 
se a so n , b u t e lk  sedge rem ains g reen  in  th e  base  o f  th e  clum ps.
H erbaceous p l a n t s ,  how ever, p la y  a  mi.nor r o le  a s  w in te r  fo o d . O ther 
w orkers have re p o r te d  th e  same low  rc l.e  c f  fo rb s  in  th e  w in te r  d i e t  o f  
m ule d e e r  ( F e r r e l  and Leach, .1950? W ilk ie s , 1957? Lovaas, 1958; Brown, 
1961 ) .  S e rv ic e b e r ry  and chokec.htr.iv.y a r e  rec o g n ise d  a s  b e ing  d e s i r a b le  
s p e c ie s  due to  t h e i r  h ig h  frequotJ.cy c f  o c cu rren c e  i n  th e  sam ples. 
C reep ing  m ahonia a ls o  i s  d e s .c ra b ie . O ther spe*;ies found i n  th e  rumen 
sam ples i n  sm a ll amount s and l.umped in  th e  mis>. e J lan eo u s  s e c t io n  o f 
F ig u re  7 , a r e  k in n ik in n ic k , m ountain  m aple, wi.llow, r u s s e t  b u f fa lo b e r ry
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(S h e p h e rd ia  c a n a d e n s is ) and c o n i f e r  n e e d le s .
D eer p o p u la tio n  s i z e . The p e l l e t  group co u n ts  on th e  1200 a c re  
w in te r  ran g e  in d ic a t e  t h a t  d e e r  p o p u la t io n s  were 138 d u rin g  th e  w in te r  
o f  I 96O-6I ,  and 201 d u r in g  th e  I 96I -62  w in te r  p e rio d  (T able  2 1 ), These 
numbers w ere c a lc u la te d  by s u b t r a c t in g  th e  summer p o p u la tio n  from  th e  
t o t a l  p o p u la t io n  t h a t  was d e r iv e d  from  a  y e a rs  accum ulation  o f  p e l l e t  
g ro u p s. I t  i s  e s tim a te d  t h a t  a b o u t 15 d e e r  a r e  r e s id e n t  on Wallman 
R idge and t h i s  would amount to  3 d e e r  days p e r  a c re  f o r  th e  sp r in g , 
summer and f a l l  p e r io d s .  The t o t a l  number o f  p e l l e t  groups in d ic a te  
t h a t  t h e r e  w ere 14- d e e r  days p e r  a c re  from  sp r in g , I 960 to  s p r in g ,
1961  and 19 d e e r  days p e r  a c re  d u rin g  th e  I 96I -62  y e a r .  T his l e f t  11 
d e e r  days p e r  a c r e  f o r  th e  w in te r  o f  I 96O-6I  and 16 d e e r  days p e r  a c re  
f o r  th e  1961-62  p e r io d . The w in te r  p e r io d  was e s tim a te d  to  be n in e ty -  
f i v e  days (December 20 to  March 25 ) and th e  d e fe c a t io n  r a t e  was assumed 
to  be 13  groups p e r  d e e r  i n  one day . Numerous a u th o rs  have d isc u sse d  
th e  u se  and e f f e c t iv e n e s s  o f  p e l l e t  group co u n ts  and th e  d e fe c a t io n  r a t e  
o f  d e e r  (B e n n e tt, E n g lish  and McCain, 19^0; Rasmussen and Doman, 1943; 
McCain, 1948; L o n g h u rs t, 1954; E b erh a rd t and Van E tte n , 1956; H i l l ,
1 9 5 6 ; R ogers, J u la n d e r  and R o b in e tte , 1958; Je n k in s  and B a r t l e t t ,  1 9 5 9 ). 
From th e s e  r e p o r t s  i t  a p p e a rs  t h a t  I 3 g roups p e r  day i s  abou t th e  
a v e ra g e  r a t e  f o r  d e e r  on a  h e a v i ly  u sed  w in te r  ran g e .
The a c c u ra c y  o f  th e  p e l l e t  group census was te s te d  by com parison 
w ith  a  t h e o r e t i c a l  P o isson  d i s t r i b u t i o n  (T ab le  19)» b u t th e  c h i- s q u a re  
t e s t  shows t h a t  th e s e  d a ta  do n o t f i t  a  P o isson  d i s t r i b u t i o n .
To f u r t h e r  cheek  th e  a cc u ra c y  o f  th e  p e l l e t  group c o u n t, th e  p lo t  
d a ta  w ere s e p a ra te d  and p lo t  one i n  each t r a n s e c t  was compared w ith  p l o t
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T able  19 . Comparison o f  196 l  and 1962 p e lle t« g ro u p  coun ts .
P e l l e t  Groups
1961 1962
No, G ro u p s /P lo t A ctual P o isson A ctual Po isson
0 172 159.26 159 110 .63
1 73 89 .88 61 102 ,73
2 23 25.37 19 47.71
3 10 4 .76 22 14 .76
4 1 .67 6 3 .42
5 1 .08 9 .64
6 2 .11
7 2 .03
T o ta l no . P lo ts 23o 280.01 M o " 280.03
Cal.c, Chi—1Sq. = 12,26 C alc . Chi- Sq. = 111.0?
C hi-S quare , 70= 2 .195 C hi-Square1 , 70= 2,195
tw o. T ab le  20 p r e s e n ts  th e  r e s u l t s  o f  two c h i- s q u a re  t e s t s  u s in g  two­
c e l l  t a b l e s  to  t e s t  th e  h y p o th e se s . At one s ta n d a rd  d e v ia t io n  th e r e  was 
a  s i g n i f i c a n t  d i f f e r e n c e  betw een th e  p l o t s .  From t h i s  d a ta  i t  would 
a p p e a r  t h a t  th e  sam ple s i z e  was in a d e q u a te  f o r  th e  a cc u ra c y  d e s i r e d  o r  
t h a t  sam pling  te c h n iq u e  was f a u l t y .
An a d d it io n a l , d e e r  p o p u la tio n  e s t im a te  was d e r iv e d  from th e  
u t i l i z a t i o n  d a ta .  Forage consum ption s tu d ie s  have re p o r te d  th e  fo ra g e  
re q u ire m e n t f o r  d e e r  t o  be  a b o u t 2 .5  pounds o f  a i r  d ry  fo ra g e  p e r  
hundredw eigh t (N ic h o l, 1938; Rasmussen and Doman, 19^3; Palm er, 1944; 
Sm ith , 1952; F rench , e t  a l . ,  1956; Brown, 196I ) ,  The av erag e  w eigh t 
o f  th e  R a tt le s n a k e  d e e r  on th e  w in te r  range  i s  133»7 pounds. T his was 
c a lc u la te d  from  B a i le y 's  ( I 96O) p o p u la tio n  com position  and th e  av erag e  
l i v e  w e ig h t o f  th e  b u ck s, does and fawns from  a 1958 c o l l e c t io n  (T aber, 
W hite and Sm ith, 1 9 5 9 ). T his a g re e s  f a i r l y  w e ll  w ith  th e  137 .8  pounds 
t h a t  Rasmussen and Doman (194-3) found  to  be  th e  a v e rag e  w eigh t o f mule
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T ab le  20. Comparison o f  I 96I  and I 962 p a ire d  p e l l e t  group coun ts .
No. o f  G ro u p s /P lo t
ig d i
P e l l e t  Groups
1961 ——— —-
F i r s t Second F i r s t Second
0 81 91 64 70
1 41 33 23 23
2 10 12 6 4
3 6 4 6 7
4 1 0 6 0
5 1 0 1 3
6 1 0
7 1 1
C hi-S quare  ,70= 2.195  C hi-Square ,70= 3.828
d e e r  i n  n o r th e rn  U tah.
On t h i s  b a s i s ,  th e  d a i l y  fo ra g e  in ta k e  p e r  d e e r  p re s e n t  on 
Wallman R idge would be 3*3 pounds. Assuming no d i f f e r e n c e  betw een ou r 
oven d r ie d  w e ig h ts  a t  low te m p e ra tu re s  and th e  a i r  d r ie d  fo ra g e  con­
sum ption  v a lu e s  t h i s  r a t e  o f  consum ption r e s u l t s  in  p o p u la tio n  
e s t im a te s  o f  59 d e e r  f o r  th e  1960=61 p e r io d  and 135 d e e r  p re s e n t  i n  
th e  1961-62  w in te r  h e rd  (T ab le  2 1 ).
The d i r e c t  o b s e rv a tio n  c o u n ts  o f 81 and 135 m ule d e e r  a re  
b e lie v e d  to  be th e  m ost a c c u ra te  e s t im a te s  o f th e  mule d e e r  p o p u la tio n  
s i z e  f o r  th e  two w in te r s .  These numbers r e f l e c t  th e  maximum 
p o p u la t io n  s i z e  from  F eb ru ary  1 to  mid March in  bo th  y e a r s .  The 
v a lu e s  w ere o b ta in e d  each w in te r  by e a r ly  m orning coun ts from 
o b s e rv a t io n  p o s ts  i n  th e  v a l le y  and on r id g e s  su rro u n d in g  Wallman 
R idge. These co u n ts  w ere n o t a p a r t  o f  th e  s tu d y  be ing  re p o r te d  h e re , 
b u t  w ere o b ta in e d  by a n o th e r  s tu d e n t  who a ls o  s tu d ie d  t h i s  m ule d e e r
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T ab le  21. P o p u la tio n  e s t im a te s  o f  th e  w .n te r  p o p u la tio n  o f  mule
d e e r  on Wallman R idge, u s in g  th r e e  m ethods to  d e te rm in e  th e  s i z e .
Method
Number o f  Deer
1960-61 1961-62
P e l l e t  coun t 138 201
F orage  consum ption 59 135
D ire c t  o b s e rv a t io n 81 135
h e rd  (Fairm an, I 9 62 ) ,  W ith f o u r  o r  f i v e  o b se rv e rs  making sim u ltan eo u s 
c o u n ts , an a c c u ra te  p o p u la t io n  s i z e  can be d e te rm ined  on t h i s  open 
b ru sh  ra n g e , B a ile y  (I9 6 0 ) used  a  s im i la r  method i n  h i s  s tu d y  o f  th e  
Wallman Ridge h e rd .
The r e s u l t s  o f  th e  th r e e  m ethods shown in  T able 21 in d ic a t e  a 
c o n s id e ra b le  v a r i a t i o n  betw een th e  p e l l e t  group census and th e  o th e r  
two m ethods. The d i r e c t  co u n t i s  p ro b ab ly  th e  b e s t  e s t im a te  o f  th e  
th r e e ,  b u t  i t  i s  an e s t im a te  o f  th e  maximum s iz e  o f  th e  p o p u la tio n , 
n o t th e  av e rag e  s i z e  o f  th e  w in te r  d e e r  h e rd . The d i r e c t  coun t i s  th e  
number o f  d e e r  t h a t  w ere p r e s e n t  from around th e  f i r s t  o f  F eb ruary  
u n t i l  mid March each  y e a r ,  and b e fo re  and a f t e r  t h i s  p e rio d  few er d e e r  
w ere p r e s e n t .  The h e rd  in c r e a s e s  on th e  w in te r  range  d u rin g  Ja n u a ry  and 
d e c re a s e s  a f t e r  mid March (Fairm an, I 962 ) .
The p o p u la t io n  e s t im a te  f o r  th e  I 96I -62  w in te r  d e e r  p o p u la tio n , 
c a lc u la te d  from  th e  amount o f  fo ra g e  consumed, was th e  same a s  th e  
d i r e c t  c o u n t; t h i s  method u n d e re s tim a te d  th e  h e rd  s i z e  f o r  th e  I 96O-6 I  
w in te r .  The fo ra g e  consum ption method was expected  to  r e s u l t  i n  lo w er 
p o p u la t io n  e s t im a te s  th an  th e  d i r e c t  c o u n t, f o r  th e  amount o f fo ra g e  
u t i l i z e d  r e f l e c t s  th e  a v e rag e  h e rd  s i z e  f o r  th e  w in te r  r a th e r  th an  th e
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peak p o p u la t io n  in d ic a te d  by th e  d i r e c t  c o u n t. T his means th e  I 96I -62  
e s t im a te  o f  135 d e e r  i s  e x c e s s iv e , b u t s in c e  th e  av e rag e  herd  s i z e  i s  
unknown, th e  e x a c t  a ccu racy  o f th e  m ethod canno t be d e te rm in ed . The 
two y e a r  sam ple on Wallman R idge su g g e s ts  t h a t  t h i s  i s  a  p r a c t i c a l  
m ethod o f  d e te rm in in g  p o p u la tio n  s iz e  when fo ra g e  u t i l i z a t i o n  d a ta  i s  
a v a i l a b l e .
The p e l l e t  group census m ethod o v e re s tim a te d  th e  p o p u la tio n  s iz e  
b o th  y e a r s .  In  U tah, R ogers, J u la n d e r  and R o b in e tte  (1958) d isc o v e re d  
t h a t  15 p e l l e t  g roups p e r  day  was norm al f o r  a  good w in te r  ran g e , so 
th e  Wallman R idge p o p u la tio n s  w ere r e c a lc u la te d  u s in g  th e  15 p e l l e t  
g roups p e r  day r a t e .  The r e s u l t s  w ere s t i l l  e x c e s s iv e , however. R a th e r 
th a n  p o p u la t io n s  o f  138 f o r  196O-.6I  and 201 f o r  I 96I - 62 , th e y  were 112 
and 1 76 , r e s p e c t iv e ly .  The s t a t i s t i c a l  t e s t s  in d ic a te  t h a t  th e  p e l l e t  
group r e s u l t s  a r e  q u e s t io n a b le .  Presum ably, more sample p lo t s  would 
p ro v id e  a  more r e l i a b l e  p o p u la tio n  e s t im a te ,  b u t t h i s  may n o t be  t r u e .  
E vidence in d ic a te s  t h a t  th e  d e fe c a t io n  r a t e  o f  d e e r  v a r ie s  w ith  feed  
and y e a r  (L o n g h u rs t, 1954; Dasmann and T aber, 1955) and t h i s  may be t r u e  
h e re ,  b u t  in fo rm a tio n  on t h i s  s u b je c t  i s  n o t a v a i la b le  from  th e  n o r th e rn  
Rocky M ountain re g io n .
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S u c c e ss io n . M easurem ents show t h a t  th e  p re s e n t  d e n s i ty  o f 
t r e e s  on th e  Wallman R idge d e e r  w in te r  ran g e  in  app ro ach in g  th e  d e n s i ty  
o f  th e  t r e e  s p e c ie s  t h a t  w ere p r e s e n t  when th e  low er R a ttle s n a k e  Creek 
d ra in a g e  burned  in  1919. I f  th e  d e n s i ty  rem ains th e  same and th e  t r e e s  
w ere a llo w ed  to  grow u n d is tu rb e d  f o r  a n o th e r  f i f t y  y e a r s ,  a  s ta n d  
s im i l a r  to  t h a t  p r e s e n t  i n  1919 sh o u ld  a g a in  cover Wallman R idge.
That th e  number o f  t r e e s  p e r  a c re  w i l l  rem ain th e  same f o r  th e  
n e x t f i f t y  y e a r s  i s  u n l ik e ly ,  how ever. Young t r e e s  and s e e d lin g s  a re  
p r e s e n t  now and i t  i s  supposed t h a t  new t r e e s  w i l l  c o n tin u e  to  become 
e s ta b l is h e d  and grow. I f  t h a t  happens, th e  t r e e  d e n s i ty  on Wallman 
R idge w i l l  c o n tin u e  to  in c r e a s e .
In  e i t h e r  c a s e , w ith  an in c r e a s e  i n  s iz e  and d e n s i ty  o r  an 
in c r e a s e  i n  s i z e  a lo n e  a s  th e  p r e s e n t  t r e e s  g e t  o ld e r ,  co m p e titio n  
betw een th e  t r e e s  and sh ru b s  w i l l  in c r e a s e  and th e  r e s u l t  t h a t  can be 
ex p ec ted  i s  l e s s  brow se. T his problem  o c cu rs  p r a c t i c a l l y  everyw here 
t h a t  d e e r  o ccu r in  f o r e s te d  re g io n s .  H osley  (195^) d is c u s s e s  what 
happened from  th e  1920 ' s  to  th e  1 9 ^  *s in  th e  E as t and Midwest where 
d i f f i c u l t i e s  a ro s e  i n  d e e r  h a b i t a t  a s  th e  f o r e s t s  c lo sed  in  a g a in  on 
th e s e  a r e a s .  H a lls  and Crawford ( i 960 ) ,  r e p o r t in g  on th e  developm ent 
and s t r u c tu r e  o f  th e  A rkansas hardwood o r  hardw ood-pine m ix tu re s , 
show t h a t  a s  s ta n d s  in c r e a s e  in  s iz e  and d e n s i ty ,  m ost o f  th e  
u n d e rs to ry  i s  e l im in a te d .  In  M aine, B anasiak  ( I 96I )  s t a t e s  t h a t  
lo g g ed  a re a s  p ro v id e  abundan t d e e r  food  f o r  o n ly  te n  to  f i f t e e n  y e a r s .  
Brown ( I 96I ) ,  w orking  in  W ashington, n o te s  t h a t  an  in v e r s e  r e l a t i o n s h ip
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e x i s t s  betw een th e  p e rc e n t  ground cover o f c o n ife ro u s  t r e e  s p e c ie s  and 
w in te r  browse s p e c ie s ,  A s tu d y  on th e  Coeur d ’A lene N a tio n a l F o re s t ,  
Id ah o , on s e v e r a l  f o r e s t  ty p e s  from d ense  grand f i r  to  more open and 
d r i e r  D ouglas f i r  s ta n d s ,  a l s o  c o n tr ib u te s  to  t h i s  s u b je c t  (P e n g e lly , 
1961 ) ,  T hat s tu d y  showed t h a t  sh rub  d e n s i ty  v a r ie d  in v e r s e ly  w ith  
o v e r s to ry  d e n s i ty ,  b o th  b e fo re  and a f t e r  lo g g in g .
The p r e c i p i t i a t i o n  i n  th e  M issou la  a re a  p re c lu d e s  th e  r a p id  
r e in v a s io n  o f  d i s tu r b e d  a re a s  by t r e e s  t h a t  commonly o ccu rs  i n  h ig h e r  
r a i n f a l l  a r e a s ,  b u t  n e v e r th e le s s ,  r e in v a s io n  does o ccu r w ith  s im i la r  
r e s u l t s .
The amount o f  fo ra g e  d e c re a s e  t h a t  w i l l  p ro b ab ly  o ccu r on th e  
Wallman R idge a re a  i s  unknown. P re se n t  ev idence  in d ic a te s  t h a t  th e  
n o rth w e s t fa c e  o f  th e  r id g e  i s  c ap a b le  o f  su p p o r tin g  a  c lo sed  canopy 
s ta n d  o f  t r e e s  and on t h i s  s id e ,  i n  p a r t i c u l a r ,  th e  browse p ro d u c tio n  
sh o u ld  d e c re a s e  c o n s id e ra b ly . The so u th  and s o u th e a s t  f a c e s  w i l l ,  
no d o u b t, rem ain an  open s ta n d  o f  D ouglas f i r  and ponderosa p in e  and 
th e  d e c re a s e  in  th e  abundance o f  browse u n der th e s e  c o n d it io n s  should  
be l e s s  th a n  on th e  o th e r  s id e  o f  th e  r id g e .
The d i s t r i b u t i o n  o f  th e  form  c la s s  o f  th e  key fo ra g e  s p e c ie s  
on th e  Wallman R idge w in te r  ran g e  in d ic a te s  t h a t  browse i s  n o t a s  
h e a v i ly  u t i l i z e d  in  a r e a s  o f  h ig h  t r e e  d e n s i t i e s  a s  i n  th e  more open 
a r e a s .  The p re se n c e  o f  t r e e s  i s  n o t b e lie v e d  to  have a  d i r e c t  e f f e c t  
on th e  d i s t r i b u t i o n  o f  u se , how ever. Wooded a re a s  p r o te c t  th e  snow 
from  m e lt in g  and th e  deep  snow p ro b ab ly  d is c o u ra g e s  th e  d e e r .  A 
c o n tin u e d  in c r e a s e  in  th e  t r e e  d e n s i ty  on Wallman Ridge w i l l  in c r e a s e  
th e  s i z e  and abundance o f  th e s e  deep  snow a re a s  and in  c o n ju n c tio n  w ith
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an  o v e r a l l  d e c re a s e  i n  th e  abundance o f  brow se, th e  amount o f  u sa b le  
w in te r  ran g e  w i l l  d e c re a s e . A reas 6 and 7t wooded a re a s  which p r e s e n t ly  
a r e  o n ly  s l i g h t l y  u sed  by w in te r in g  d e e r ,  a r e  abou t 20 p e rc e n t o f  th e  
t o t a l  w in te r  ra n g e  a r e a .  As th e  t r e e s  r e e s t a b l i s h  them se lves in  Area 5, 
t h i s  p o r t io n ,  i n  a l l  p r o b a b i l i t y ,  w i l l  become poor w in te r  range  and 
th e n  36 p e rc e n t  o f  th e  a re a  w i l l  be o f  l i t t l e  u se  to  w in te r in g  d e e r .
I f  A rea 3 fo llo w s  t h i s  p a t t e r n ,  th e n  68 p e rc e n t o f  th e  r id g e  w i l l  be 
tim b e red  and o n ly  30 to  35 p e rc e n t  o f  th e  whole r id g e  w i l l  be s u i t a b l e  
f o r  w in te r in g  m ule d e e r .
Deer management. O b se rv a tio n s  made on th e  w in te r  p o p u la tio n  o f  
m ule d e e r  i n d i c a t e  th e r e  w ere 125 d e e r  on Wallman Ridge in  1958-59»
115 i n  1959-60  (B a ile y , i 96 0 ) ,  81 d u r in g  th e  I 96O-61  w in te r , and 135 
in  I 96I -6 2  (Fairm an, I 962 ) ,  B a i le y 's  p o p u la tio n  f ig u r e s  were e s t im a te s  
o f th e  h e rd  s i z e  d e r iv e d  from  a  s e r i e s  o f  v i s u a l  o b s e rv a tio n s  made by 
one o b se rv e r  and F a irm a n 's  co u n ts  were th e  maximum number o f  m ule d e e r  
seen  by a  group o f  o b s e rv e rs  making s im u ltan eo u s c o u n ts . From t h i s  
e v id e n c e , th e  d e e r  p o p u la tio n  i s  c o n s id e re d  to  be m a in ta in in g  i t s e l f .
The low  p o p u la tio n  d u r in g  th e  I 96O-6I  w in te r  i s  th o u g h t to  be a  re«  
f l e c t i o n  o f  th e  l i g h t  snow c o n d it io n s  on th e  w in te r  ran g e . T his 
p e rm itte d  some o f  th e  d e e r  to  w in te r  on a re a s  o th e r  th an  Wallman 
R idge and , a l s o ,  th e  d e e r  o f te n  rem ained in  th e  wooded a re a s  where th ey  
w ere d i f f i c u l t  to  count- a c c u ra te ly  (Fairm an, I 962 ) .  From th e s e  
p o p u la t io n  e s t im a te s ,  i t  a p p e a rs  t h a t  th e  d e e r  h e rd  i s  n o t b e in g  ov e r 
h a rv e s te d ;  r a t h e r ,  th e  d e e r  h e rd  p o p u la tio n  shou ld  be d e c re a se d . F i f t y  
p e rc e n t  u t i l i z a t i o n  o f c u r r e n t  an n u al grow th i s  g e n e ra l ly  c o n sid e re d  
r e a s o n a b le , s a f e  u t i l i z a t i o n  o f  p a la ta b le  s p e c ie s  on ran g e  in  good
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c o n d it io n  ( H i l l ,  195&)« D ep le ted  ran g es  need more th an  f i f t y  p e rc e n t 
r e s e rv e d  f o r  re c o v e ry . The p rep o n d eran ce  o f  p a la ta b le  sh rubs i n  form 
c la s s  3f i n d i c a t i v e  o f  c o n tin u e d , heavy u se , p la c e s  th e  Wallman Ridge 
ran g e  i n  l e s s  th a n  good c o n d it io n  and to  re c o v e r , more o f  th e  c u r r e n t  
a n n u a l grow th sh o u ld  be l e f t  each  y e a r  th a n  i s  now th e  case .
To p re v e n t f u r t h e r  d e p le t io n  and to  p e rm it rec o v e ry  o f  th e  key 
brow se s p e c ie s ,  th e  number o f  d e e r  t h a t  w in te r  on Wallman Ridge w i l l  
have to  be d e c re a s e d . B y  in c r e a s in g  th e  bag l i m i t  o r  ex ten d in g  th e  
h u n tin g  season  i n  th e  R a tt le s n a k e  Creek d ra in a g e , th e  k i l l  can be 
in c r e a s e d ,  b u t  th e  e f f e c t  on th e  Wallman R idge w in te r  herd  canno t 
be c o m p le te ly  p r e d ic te d .  The m a jo r i ty  o f  th e  m ule d e e r  a r e  n o t p re s e n t  
on th e  w in te r  ran g e  u n t i l  l a t e  w in te r ,  to  l a t e  f o r  th e  p r a c t i c a l  
e s ta b l is h m e n t  o f  a  s p e c ia l  h u n tin g  se a so n , and t h e i r  lo c a t io n  p r i o r  to  
t h a t  tim e  i s  unknown. Judg ing  from th e  game t r a i l s  and because  th e y  
a r e  f i r s t  o b se rv ed  on th e  u p p e r end o f  th e  w in te r  ran g e , i t  i s  b e lie v e d  
t h a t  th e y  move down from  h ig h e r  e le v a t io n s .  I t  i s  p o s s ib le  t h a t  some 
m ule d e e r  move i n to  t h i s  w in te r in g  a re a  from  o u ts id e  d ra in a g e s , how ever. 
To d a te ,  a tte m p ts  a t  m arking  d e e r  on th e  w in te r  ran g e  have been 
i n e f f e c t i v e  (B a ile y , I 96O; F a irm an , I 962 ) .  Work o f  t h i s  n a tu re  should  
be c o n tin u e d  in  o r d e r  to  o b ta in  enough knowledge o f  th e  y e a r  lo n g  
h a b i t s  o f  th e  m ule d e e r  to  make p r e c i s e  management o f a d e e r  herd  
p o s s ib le .
F o llo w in g  h e rd  r e d u c t io n ,  e f f o r t s  shou ld  be made to  in c r e a s e  th e  
c a r r y in g  c a p a c i ty  o f  th e  w in te r  ra n g e . Wallman R idge has a  l a r g e  amount 
o f  brow se c o v e r . Twelve s p e c ie s  o f  sh ru b s  a r e  f a i r l y  common, b u t  o f 
th e s e  tw e lv e , o n ly  th r e e ,  o r  p o s s ib ly  f o u r ,  s p e c ie s  a r e  u t i l i z e d  to  any
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g r e a t  e x te n t .  The p r e f e r r e d  p la n t s  on t l i i s  a re a ,  s e rv ic e b e r iy ,  choke- 
c h e r ry  and snow brush, a r e  g e n e ra l ly  fa v o re d  p la n ts  w herever th e y  o c c u r . 
O th e r brow se s p e c ie s  t h a t  a r e  n o t  abundan t on Wallman R idge, b u t  would 
p ro b a b ly  be f a v o r i t e  browse p la n t s  i f  th e r e  were more o f  them, a r e  
c re e p in g  m ahonia, some s p e c ie s  o f  w illo w , and m ountain  m aple. C a r te r  
(1951 ) found  th e s e  sh ru b s  to  be fa v o re d  sp e c ie s  on o th e r  w e ste rn  Montana 
w in te r  ra n g e s .
Some o f  th e  n o n - u t i l i z e d  p la n t s  o c c u rin g  on Wallman R idge a re  
fa v o re d  fo ra g e  s p e c ie s  i n  o th e r  l o c a t io n s .  In  th e  B lack H i l l s ,  f o r  
exam ple, snow berry  i s  one o f  th e  fa v o re d  w in te r  p la n t s  f o r  m ule d e e r  
and v r i i i te ta i le d  d e e r  ( H i l l  and H a r r i s ,  1 9 ^ 3 ) , On Wallman R idge, however, 
p r a c t i c a l l y  no u t i l i z a t i o n  i s  made o f  t h i s  s p e c ie s .  Rose and 
k in n ik in n ic k  a ls o  a r e  p r e f e r r e d  i n  th e  B lack H i l l s ,  b u t  on Wallman 
R idge, n o t enough o f  th e s e  two p la n ts  a r e  produced to  make them 
im p o r ta n t ,  W inebark, one o f  th e  m ost common sh ru b s on th e  w in te r  ran g e , 
i s  n o t  browsed a t  a l l .  Only i n  v e ry  r a r e  c a se s  cou ld  a  browsed tw ig  be 
found  and no n in e b a rk  was i d e n t i f i e d  i n  th e  rumen sam ples. S p ira e a , 
a l s o ,  i s  a  p la n t  n o t fav o re d  by th e  R a tt le s n a k e  m ule d e e r  in  th e  w in te r .
A lready  d is c u s s e d  h as  been th e  problem  o f  t r e e  p ro g re s s io n  and 
th e  p o s s ib le  e f f e c t  i t  may have on th e  brow se and w in te r  ran g e . Some 
method o r  com b ination  o f  m ethods i s  n e c e s sa ry  to  h a l t  o r  s e t  back 
s u c c e s s io n  on Wallman R idge o r  a  c o n tin u ed  d e c re a se  in  th e  carry l.ng  
c a p a c i ty  o f  t h i s  ran g e  can be e x p e c te d ,
A management program  t h a t  in c lu d e s  th e  use  o f  p la n t  sp ra y s  and 
f i r e  p ro b a b ly  would be e f f e c t i v e  i n  e l im in a t in g  th e  co m p e titio n  
betw een  t r e e s  and sh ru b s  and betw een n o n -p re fe r re d  and p re fe r r e d
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brow se s p e c ie s .  M a n ip u la tio n  o f  ran g e  by f i r e  h as  been s tu d ie d  in  
C a l i f o r n ia  (B isw e ll, e t  a l . ,  1952; B isw e ll, I 96I )  and under p ro p e r  
c o n d it io n s  i t  may be  s a t i s f a c t o r y .  Much more re s e a rc h  m ust be done on 
t h i s  s u b je c t ,  how ever, b e fo re  s p e c i f i c  tr e a tm e n ts  can be recommended 
and b e fo re  r e s u l t s  can be p r e d ic te d .
We la c k  e v id e n ce  on th e  e f f e c t s  o f  b u rn in g  and sp ra y in g  game 
ra n g e s  f o r  w i l d l i f e  management p u rp o ses  i n  th e  n o r th e rn  Rocky M ountain 
r e g io n . E vidence o f  th e  e f f e c t s  o f  th e s e  p ro ce d u res  a r e  n e c e ssa ry  
b e fo re  th e y  can  become w orking to o ls  f o r  th e  w i l d l i f e  m anager. Of 
u tm o s t im p o rtan ce  i n  t h i s  m a t te r ,  how ever, i s  th e  n e c e s s i ty  o f  
m a in ta in in g  d e e r  h e rd  numbers w ith in  th e  c a r ry in g  c a p a c i ty  o f  t h e i r  
ran g e  i f  im provem ents a r e  to  be e f f e c t i v e  and to  p e rm it th e  r e e s t a b l i s h ­
m ent and developm ent o f  th e  more fa v o re d  browse s p e c ie s .
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SUMMARY
A w in te r  ran g e  s tu d y  o f  th e  Rocky M ountain m ule d e e r  (O docoileus 
hem ionus hem ionus) i n  th e  R a tt le s n a k e  Creek d ra in a g e  n o r th  o f M isso u la , 
was conducted  d u r in g  th e  w i.n ters  o f  I 96O-6I  and I 96I - 6 2 , Tine 
o b je c t iv e s  w ere to  d e te rm in e  th e  e f f e c t  o f  su c c e ss io n  on th e  w in te r  
ra n g e  and to  d e s c r ib e  th e  p r e s e n t  c o n d it io n  o f  th e  range  and th e  fo ra g e  
s p e c ie s  t h a t  o c c u r  th e r e .  The w in te r  ran g e  i s  an a re a  o f  two sq u a re  
m i le s ,  lo c a te d  on a  r id g e  t h a t  was burned  by a  f o r e s t  f i r e  i n  1919=
The v e g e ta t io n  o f  th e  w in te r  ran g e  was sam pled to  d e te rm in e  th e  
t r e e  abundance a t  th e  p r e s e n t  tim e  and in  th e  p a s t ,  a s  r e f l e c t e d  by th e  
t r e e s  on th e  w in te r  ran g e  now and th e  stum ps and b o le s  l e f t  from  th e  
f i r e .  The b o ta n ic a l  co m p o sitio n  o f  th e  a re a  was d e te rm in ed , and  th e  
amount o f  fo ra g e  p ro d u c tio n  and u t i l i z a t i o n  was sam pled, A n u t r i e n t  
a n a ly s i s  was ru n  on th e  m ain browse s p e c ie s .  The number o f d e e r  i n  th e  
w in te r  h e rd  was e s t im a te d  and t h e i r  food  h a b i t s  were de te rm ined  from  
rumen sam ples.
T ree abundance d a ta  i n d ic a t e s  t h a t  th e  d e n s i ty  o f  th e  t r e e s  
p r e s e n t ly  growing on th e  w in te r  ra n g e  i s  ap p ro ach in g  th e  d e n s i ty  o f  
th e  t r e e  v e g e ta t io n  p r i o r  to  th e  bu rn  i n  1919 , b u t th e  av e rag e  age o f  
th e  p r e s e n t  s ta n d  i s  l e s s  th a n  th e  1919 s ta n d .
The w in te r  ran g e  i s  m ain ly  covered  w ith  sh rub  and t r e e  v e g e ta t io n .  
G ra sse s  and h e rb aceo u s p la n t s  a r e  p l e n t i f u l ,  b u t t h e i r  im p o rtan ce  i s  
se c o n d a ry . Shrubs p red o m in ate  i n  m ost o f  th e  a r e a s ,  Snowbrush 
c e a n o th u s  ( C eanothus v e lu t in u  s ) and n in e b a rk  ( Fhysocarpus m alvaceous) 
a r e  th e  two m ost common sh ru b  s p e c ie s  and p roduce  th e  g r e a t e s t  amount
69
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o f  c u r r e n t  a n n u a l grow th .
Snowbrush i s  u t i l i z e d  m o d e ra te ly  and n in e b a rk  i s  n o t u t i l i z e d  
a t  a l l  f o r  f o r a g e .  S e rv ie e b e r ry  (A m elanchier a l n i f o l i a ) and chokecherry  
( Prunus v i r g in i a n a ) a r e  th e  k ^  fo ra g e  s p e c ie s  on th e  w in te r  ran g e . On 
m ost o f  th e  w in te r  ran g e  th e s e  two s p e c ie s  a r e  found in  a  form c la s s  
i n d i c a t i v e  o f  c o n tin u e d , heavy  b row sing . I f  th e  p re s e n t  d eg ree  o f  
u t i l i z a t i o n  c o n tin u e s ,  th e s e  two browse s p e c ie s  can be expected  to  
rem ain  in  t h i s  c lu b b ed , overbrow sed c o n d it io n .
Though s e r v i e e b e r ry  and c h o k ech erry  a r e  th e  p re fe r r e d  fo ra g e  
s p e c ie s ,  snow brush i s  th e  s t a p l e  food  i te m . T his sp e c ie s  i s  th e  g r e a t ­
e s t  p ro d u c e r on th e  w in te r  ran g e , and a  g r e a t e r  amount o f  snowbrush i s  
e a te n  th a n  any o th e r  s p e c ie s .  Rumen a n a ly s is  in d ic a te s  th e  same 
r e l a t i o n s h i p  on th e  abundance o f  snow brush in  th e  d i e t  a s  th e  ran g e  
s t u d i e s .  In  th e  rumen c o n te n ts ,  a  h ig h  fre q u e n c y  o f  g ra s s e s  and sedges 
was p r e s e n t ,  b u t  t h e i r  volume was low . T h is s tu d y  d id  n o t in c lu d e  any 
m easurem ent o f th e  p ro d u c tio n  and u t i l i z a t i o n  o f  th e  g ra s s e s  and 
h e rb a ce o u s  p l a n t s .
The d e e r  p o p u la t io n  was sam pled u s in g  d i r e c t  c o u n ts , p e l l e t  
g roup  c o u n ts , and th e  amount o f  v e g e ta t io n  consumed. The d i r e c t  coun t 
and th e  amount o f  v e g e ta t io n  consumed r e s u l te d  i n  s im i la r  e s t im a te s ,  b u t  
th e  p e l l e t  group c o u n t p ro v id ed  numbers t h a t  were i n  ex cess  o f  w hat th e  
t o t a l  d e e r  h e rd  s i z e  was c o n s id e re d  to  b e .
To p re v e n t f u r t h e r  d e p le t io n  and to  p e rm it re c o v e ry  o f  key 
brow se s p e c ie s ,  i t  w i l l  be n e c e s s a ry  to  c o n tr o l  th e  number o f  mule 
d e e r  on th e  w in te r  ra n g e . Once th e  h e rd  c o n tr o l  i s  a c h ie v e d , management 
p r a c t i c e s  can b e  a p p lie d  to  th e  ran g e  i t s e l f .  Some form  o f  ran g e
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im provem ent i s  n e c e s s a ry  b ecau se  p la n t  suL .cession i s  changing th e  range  
from  a  su b c lim ax  sh ru b  ty p e  to  a  c o n ife ro u s  s ta n d  o f  t r e e s .  More 
r e s e a r c h  on ran g e  im provem ent m ethods i s  n e c e s s a ry  b e fo re  s p e c i f ic  
t r e a tm e n ts  can be recommended and b e fo re  r e s u l t s  can be p re d ic te d .
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Table 22. S o il  a n a ly s is  d a ta  from Wallman R idge, R a ttle sn ak e  Creek D rainage, 1962
P it Horizon Depth T e x tu ra l pH N E x tra c t . Cations me,,/lOO gm. A v ail. P
No. in . C lass % Ca Mg K Na ppm

































7 .6 15.3 3 .0 .95 .08
3 .5
49 .0
B ll 10 Loam 7 .9 15.5
1 .2 .18 .08 7 .0
2
®2 34 Loam 7 .9 14.1 1 .4
.088 .07 3 .5
% 57
Loam 7.7 12.9 1 .2 .089 .08 3 .5























































Table 22 (Cont’d ) ,  S o i l  a n a ly s is  d a ta  from Wallman R idge, R a ttle sn a k e  Creek D rainage, 1962.
P i t Horizon Depth T e x tu ra l pH N E x tra c t .  C ations me./lOO gm. A v a il. P
Wo, i n . C lass % Ca Mg K Na ppm
^2 4 Loan 6 .7 8 .2 ,08 3 .0
4 16 Loam 6 .0 7 ,5 ,09 7 .0
=1 35 Loam 7 .8 2 1 .2 .05 0
*21 1*5 Loam 6 ,2 .44 .12 210.0
5 *22 5 Loam 6,6 9 .1 ,06 168.0
*2% 22 LoanySand
7 .0 3 .2 ,06 4 9 .0
8
*  The work was n o t completed due to  a  breakdown in  th e  la b o ra to ry  a p p a ra tu s .
APPENDIX A. SOILS DATA
H orizon  D epth D e sc r ip tio n
S o i l  p r o f i l e  ; S o i l  P i t  1
Ag 0 -2 "  G ray ish  brown (10YR5/2) d ry ; v e ry  d a rk  g ra y ish
brown o r  v e ry  d a rk  brown (10YR2.5/2) m o is t;  
g r a v e l ly  sandy loam te x tu r e ;  weak medium to  
weak f i n e  su b a n g u la r b locky  s t r u c tu r e ;  s o f t  
when d ry , f r i a b l e  -vdien m o is t, n o t s t i c k y ,  n o t 
p l a s t i c  when w et; 25^ ro ck ; v e ry  numerous f in e  
ro o ts  ; boundary  c le a r  and sh a rp .
Bg 2 -6 "  Brown to  d a rk  brown (lOYR^/3) m o is t;  g r a v e l ly
loam ; s t r u c tu r e  weak medium to  weak f in e  
su b a n g u la r  b lo ck y ; m o is t f r i a b l e  s t r u c tu r e ,  
non s t i c k y  o r  p l a s t i c  when w et; 35^ c o a rse  
f ra g m e n ts ; v e ry  numerous f i n e  r o o ts ;  boundary 
c l e a r  and wavy,
6 -13" G ray ish  brown (10YR5/2) m o is t;  v e ry  g r a v e l ly
sandy loam ; s in g le  g ra in  s t r u c t u r e ; c o n s is te n c e  
lo o s e  vhen m o is t ,  wet non s t i c k y ,  non p l a s t i c ;  
70^ c o a rse  fra g m e n ts ; many f in e  r o o ts ;  
boundary  c l e a r  and wavy.
13-48+" P a le  brown (10YR6/3) m o is t w ith  prom inent
sp e c k le s  o f  CaCCL; v e ry  g ra v e l ly  sandy loam ; 
s in g le  g ra in  s t r u c tu r e ;  c o n s is te n c e  lo o s e  
when m o is t ,  w et non s t ic k y ,  non p l a s t i c ;
80^ o f  volume i s  rock  and s to n e ;  few f in e  
r o o t s .
C oarse  frag m e n ts  a r e  m o s tly  a n g u la r ,  s o f t ,  Newland lim e s to n e  w ith  some 
rounded  q u a r t z i t e .
S o i l  p r o f i l e ; S o i l  P i t  2
Ap 0 -8 "  Very p a le  o r  p a le  brown (10 IR 2 .5 /3 ) d ry ; d a rk
g ra y is h  brown (lO Y R4/2)m oist; g r a v e l ly  loam ; 
weak c o a rse  su b a n g u la r b locky to  weak f in e  
su b a n g u la r  b lo ck y  s t r u c tu r e ;  m o is t f r i a b l e ,  
w et non s t i c k y ,  non p l a s t i c ;  volume o f  rock  
i s  50^; numerous f i n e  r o o ts ,  few  medium; 
pH 7 .6 ;  w eakly  c a lc a re o u s ;  g rad u a l boundary.
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H orizon  D epth D e s c r ip tio n
S o i l  p r o f i l e r S o i l  P i t  2 (C o n t 'd )
^ -] 8 -13" Very p a le  brown (10YR7/3) d ry ; y e llo w ish
brown (10YR3/4) m oist?  v e ry  g ra v e l ly  laom? 
weak c o a rse  to  weak f in e  su b an g u la r b locky ; 
f r i a b l e  when m o is t ,  non s t i c k y  o r  p l a s t i c  when 
w e t; 53^  o f  volume i s  rock  and s to n e ; numerous 
f i n e  r o o ts  and few  medium ro o ts ;  pH 7 .9 ;  
w eakly c a lc a re o u s?  boundary g rad u a l,
^ 2  13 -23" Very p a le  brown (10YR7/3 d ry )  v e ry  g ra v e l ly
loam ; y e llo w is h  brown (10YR3/4-) m o is t;  weak 
medium su b a n g u la r  b locky  s t r u c tu r e ;  c o n s is te n c y  
s l i g h t l y  h a rd  when d ry , f r i a b l e  when m o is t, 
non s t i c k y  o r  p l a s t i c  when w et; 50^ o f  volume 
i s  s to n e  and ro ck ; few  medium s iz e d  r o o ts ,  
numerous f i n e  r o o ts ;  pH 7 -9 ; v i o le n t ly  
c a lc a re o u s?  g ra d u a l boundary .
Bg 23-39" Very pal,e brown (10YR7/3 d ry )  v e ry  g ra v e l ly
loam ; IOYR6 /3  m o is t;  weak medium su b an g u la r 
b lo ck y  s t r u c tu r e ;  compacted when d ry , non 
s t i c k y  o r  p l a s t i c  when w et; few  th in  c la y  
f i lm s ;  57^  o f  volume s to n e  and ro c k s ; few f in e  
ro o ts  p r e s e n t ;  pH 7»7? v i o le n t ly  c a lc a re o u s ;  
boundary  gradua]..
B_ 39-52+" Very p a le  brown (lOYR?/3 d ry )  v e ry  g ra v e l ly
^  loam ; IOYR6 /3  m o is t;  weak medium su b an g u la r
b lo ck y  s t r u c tu r e ;  d ry , compacted c o n s is te n c e , 
non s t i c k y  o r  p l a s t i c  when w et; few th in  c la y  
f i lm s  i n  r o o t  c h an n e ls ; 78^  o f  volume i s  ro ck ; 
few  f i n e  r o o t s  p re s e n t ;  pH 7 .7 ;  v io le n t ly  
c a lc a re o u s ;  boundary g ra d u a l.
C oarse  frag m e n ts  i n  p r o f i l e  c o n s is te d  o f  a n g x la r  Newland lim e s to n e  
l e s s  th a n  3 " i n  d ia m e te r  and few  q u a r t  s i t e  and a r g i l l i t e  ran g in g  from 
3 " t o  1 2 " i n  d ia m e te r .
S o i l  p r o f i l e  ; S o i l  P i t  2
Ag 0-7^  L ig h t g ray  o r  l i g h t  g ra y ish  brown (10 IR 6 .5 /2
d ry )  g r a v e l ly  loam ; 10YR4-/2 m o is t ; s t r u c tu r e  
weak c o a rs e  s u b a n g ü a r  b locky to  weak f in e  
su b a n g u la r  b lo ck y ; f r i a b l e  when m o is t, no t 
s t i c k y  o r  p l a s t i c  wtien wet? 4-9^ o f volume a re  
c o a rs e  fra g m e n ts ; numerous f in e  r o o ts ,  few 
medium s iz e d  r o o ts ;  pH 6 . 8 ; w eakly ca l.ca reo u s; 
boundary  c l e a r  and ws.vy.
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H orizon  D epth D e sc r ip tio n
S o i l  p r o f i l e  ; S o i l  P i t  2  (C o n t'd )
7 -11" Very p a le  o r  l i g h t  y e llo w ish  brown (10YR6,5/^
d ry )  v e ry  g r a v e l ly  loam ; 10YR5/6 m o is t;  
s t r u c tu r e  weak medium su b an g u lar b lo ck y ; lo o se  
when m o is t ,  non s t i c k y  o r  p l a s t i c  when w et;
80^ c o a rse  frag m e n ts ; many f i n e  r o o ts ;  pH 
7 . 8 ; w eakly  c a lc a re o u s ;  boundary gradual,.
^ 2  11-26  " Y ellow ish  o r  d a rk  y e llo w ish  brown (10YR4.3/4
m o is t)  v e ry  g r a v e l ly  sandy loam ; weak medium 
su b a n g u la r  b lo ck y  s t r u c tu r e ;  lo o s e  when m o is t, 
non s t i c k y ,  non p l a s t i c  when w et; 83^  c o a rse  
f ra g m e n ts ; few  f i n e  r o o t s ;  pH 7 .8 ;  v io le n t ly  
c a lc a re o u s  ; g ra d u a l boundary.
Bg 26-35" P a le  brown (IOYR6 / 3 ) m o is t;  v e ry  g r a v e l ly  sandy
loam ; lo o s e  when m o is t, non s t i c k y  o r  p l a s t i c
when w et; v e ry  few  th in  c la y  f i lm s ;  76^ 
c o a rse  frag m en ts ;* few  f in e  r o o ts ;  pH 7*8; 
boundary  g ra d u a l .
C 35-45+" S h a tte re d  Newland lim e s to n e  bedrock  -  can c u t
th ro u g h  i t  w ith  a  k n i f e .
Under th e  snowbrush cean o th u s ( Ceanothus y e lu t in u s )  th e r e  i s  a  A. o r  
h u m u s-lik e  v e ry  d a rk  brown (10YR2/2 m o is t)  h o riz o n  t h a t  i s  g ra n u la r  and 
h ig h  in  o rg a n ic  m a t te r ,
* I n  Bg h o r iz o n , 10^ o f  th e  c o a rse  frag m en ts  beyond 70^ a re  subrounded 
and su b a n g u la r  red  a r g i l l i t e  and q u a r t z i t e .
S o i l  p r o f i l e  ; S o i l  P i t  4
Ag 0 -6 "  L ig h t b row nish  g ray  (10YR6/2 d ry )  v e ry  g r a v e l ly
loam ; d a rk  g ra y is h  brown m o is t;  weak medium 
g r a n u la r  s t r u c tu r e ;  f r i a b l e  when m o is t,  non 
s t i c k y  o r  p l a s t i c  when w et; 60^  o f volume 
c o a rs e  frag m en ts  g r e a te r  th an  2 mm,; v e ry  
numerous f i n e  ro o ts ;  pH 6 ,7 ;  boundary c le a r  
and wavy,
6 -15" L ig h t g ray  (10YR7/2) d ry ; p a le  brown (IOYR6/ 3 )
m o is t ;  v e ry  g r a v e l ly  loam ; s t r u c tu r e  weak 
c o a rs e  su b a n g u la r  b lo ck y  to  weak f i n e  sub­
a n g u la r  b lo ck y ; f r i a b l e  when m o is t, n o t 
s t i c k y  o r  p l a s t i c  when w et; 70^  c o a rse  
f ra g m e n ts ;  pH 6 ,0 ;  boundary c le a r  and wa’̂ ry.
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H orizon  D epth D e sc r ip tio n
S o i l  p r o f i l e ; S o i l  P i t  4  (C o n t'd )
Bg 15 -2 2 "  L ig h t y e llo w ish  brown (10YR6/4 d ry )  v e ry
g r a v e l ly  loam ; 10YR5 /6  m o is t;  s t r u c tu r e  weak 
mediim su b a n g u la r b locky ; f r i a b l e  when m o is t, 
n o t  s t i c k y  o r  p l a s t i c  when w et; few  t h in  c la y  
f i lm s  on ro c k s ; 80^ c o a rse  frag m en ts ; few 
f i n e  r o o t s ;  pH 6 .0 ;  boundary a b ru p t and sh a rp .
22-40+" Brown (10IR 5/3 m o is t)  v e ry  g ra v e l ly  loam ;
s in g le  g r a in  s t r u c tu r e ;  c o n s is te n c y  lo o se  
when m o is t ,  non s t ic k y  o r  p l a s t i c  when w et; 
90^  c o a rse  frag m e n ts ; ro o ts  few and f i n e ;  
pH 7 .8 ;  v i o le n t ly  c a lc a re o u s .
C oarse  frag m e n ts  a r e  a n g u la r , p l a t e y ,  s o f t  l im e s to n e  under 4 ” i n  
d ia m e te r .
S o i l  p r o f i l e  : S o i l  P i t  5
0 -2 "  Very d a rk  g ra y is h  brown (lOYR^/2 m o is t)
g r a v e l ly  loam ; s t r u c tu r e  weak medium sub­
a n g u la r  b lo ck y ; f r i a b l e  when m o is t, w et non 
s t i c k y ,  non p l a s t i c ;  72^  c o a rse  fragm en ts 
(2mm. -  3 in * ) ;  numerous f i n e  r o o ts ;  pH 6 .2 ;  
boundanr c l e a r ,  wavy.
A^2 2 -10" Dark g ra y is h  brown (10ÏR 4/2 m o is t)  v e ry
g r a v e l ly  loam ; s t r u c tu r e  weak medium sub­
a n g u la r  b lo ck y ; f r i a b l e  when m o is t, w et non 
s t i c k y ,  w et non p l a s t i c ;  84^ c o a rse  frag m en ts ; 
many f i n e  r o o t s ;  pH 6 , 6 ; c le a r  wavy boundary.
AgBg 10-37+" Brown (7.5Y R5/2 m o is t)  v e ry  g ra v e l ly  loam y
san d ; s in g le  g ra in  s t r u c tu r e ;  lo o se  when 
m o is t ,  non s t i c k y  o r  p l a s t i c  when w et; 74^ 
c o a rse  frag m e n ts ; few  f in e  ro o ts ;  pH 7 .0 ,
On th e  l a r g e  rock  th e r e  i s  c o n s id e ra b le  f i n e s .
Ten p e rc e n t  o f th e  p r o f i l e  i s  c o a rse  frag m en ts  l a r g e r  th a n  3".
The c o a rs e  frag m e n ts  a r e  a n g u la r  q u a r t z i t e  v a ry in g  in  c o lo r  from  red  
to  l i g h t  p in k  -  somewhat f l a k e y .
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APPEIÎDIX B. STATISTICAL TREATMENT
Mr, D. G, McRae o f  th e  m athem atics departm en t a t  Montana S ta te  
U n iv e r s i ty ,  p ro v id ed  th e  s t a t i s t i c a l  a d v ic e  f o r  th e  a n a ly s is  o f  th e  
d a ta  g a th e re d  i n  t h i s  s tu d y .
The a n a ly s i s  o f  v a r ia n c e  was used  to  t e s t  th e  p e rc e n t coverage  
o f  th e  f i v e  m ain browse s p e c ie s ,  th e  p ro d u c tio n  o f  th e  th re e  h ig h ly  
u t i l i z e d  s p e c ie s  and th e  u t i l i z a t i o n  o f  s e rv ic e b e r ry  and snowbrush. 
A rea and s p e c ie s  d i f f e r e n c e s  w ere t e s t e d  u s in g  th e  mean v a lu e s  o f  
each  a re a  t o  e x p re ss  th e  v a lu e s  f o r  co v erag e , p ro d u c tio n , and 
u t i l i z a t i o n .  (T ab le s  23 , 26, 28 and 29 ) .
When th e  n u l l  h y p o th e s is  was r e j e c t e d ,  th e  means were s p e c if ic -  
a l l y  compared w ith  D uncan 's new m u lt ip le - ra n g e  t e s t  (S te e l  and 
T o r r ie ,  i 960 ) .  T ab les 24- and 27 p r e s e n t  th e  r e s u l t s  o f  th e s e  t e s t s .
Key a re a  p ro d u c tio n  and u t i l i z a t i o n  was compared u s in g  a *®t” 
t e s t  o f  s ig n i f ic a n c e  f o r  th e  com parison o f  two sam ple means, Hie 
means o f  th e  a r e a s  were compared by y e a r s  and s p e c ie s .  Confidence 
l i m i t s  w ere c a lc u la te d  f o r  each  mean and th e  r e s u l t s  a re  g iven  i n  
T able  25.
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T ab le  23. A n a ly s is  o f  v a r ia n c e  t a b l e  f o r  b o ta n ic a l  com position  
d a ta ,  Wallman R idge , I 96I ,
Source d f SS MS F
T o ta l  69 
S p e c ie s  h  
A rea 13 










T able  24. T e s t o f  means u s in g  H oncan 's new m u lt ip le  ran g e  t e s t ,  
Wallman R idge b o ta n ic a l  co m position  d a ta ,  I 96I .
S p e c ie s  Mare P rv i Amal Ceve Fhma
Mean 1 .1929  1 .7571 3.7143 12.2000 13,2429
S ta n d ard  e r r o r  o f  th e  mean = 1 . 2526.
Any two means n o t  u n d e rsco re d  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  95^ l e v e l .
Any two means u n d e rsco re d  a r e  n o t s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  95^ 
l e v e l .
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T ab le  25. The 95$ co n fid e n ce  l i m i t s  o f  p ro d u c tio n  and u t i l i z a t i o n  
o f  brow se on th e  u p p e r and lo w er key a r e a s ,  Wallman R idge, I 96O -I962 ,
C onfidence L im its
S p ec ies
Lower Key Area
i9 6 0  1961








0 - . 4  
128-291
2 .7 -9 .7
9 . 8 - 2 1 .2
0 -l.T t
151-325
1 . 0 - 5 .8  
1 1 . 2- 22,6
5 .7 -1 4 .9
776-1080
4 .6 -1 1 .0
50 . 7 - 6 2 .7
8 .1 -2 4 .7
696-1006 
5 . 8 - 1 3 .2  
63 . 4 - 9 1 .6
U t i l i z a t i o n  (p e rc e n t)
t  Sn^Z)
1 . 1 - 1 6 .2
4 .1 -1 5 .7
3 5 .8 -5 9 .2
4 2 . 2- 6 1 .6
1 7 .5 -2 8 .5
1 6 .9 -2 6 .1
37 . 3- 50 .1
36. 1 - 4 7 .7
Ceve 1
2 .4 -8 .6  
1 . 1—3 .6
2 7 .0 -4 2 .2
1 2 . 8 - 25 .8
1 .1 -7 .1  
.6 -3 .8
6 . 9 - 23.0
1 . 5 - 1 2 .3
5 .0 -1 4 .2
5 . 8 - 1 3 .6
51 . 3- 7 2 .1
58 . 4 - 6 7 .9
1 9 . 6- 32.0
1 5 . 9 - 26 .1
4 2 .5 -5 3 .9









P e rc e n t u t i l i z a t i o n  d e te rm in ed  by w eigh t.
P e rc e n t u t i l i z a t i o n  d e te rm in ed  ty  l i n e a r  m easurem ent.
T able  26. A n a ly s is  o f  v a r ia n c e  o f  th e  browse p ro d u c tio n  on 
Wallman R idge, I 96O, I 96I .
Source d f SS MS F
T o ta l 77 6 ,4 1 2 ,2 6 3 .4 6
S p ec ie s 2 3 ,8 9 2 ,3 7 1 .1 8 1 ,9 4 6 ,1 8 5 .5 9 237 . 18*
Area 12 7 4 1 ,8 4 7 .2 5 61 ,820 .60 7 .53*
Y ear 1 31 ,288 .06 31 ,288 .06 3 .81
S p e c ie s  X Area 24 1 ,3 9 5 ,5 6 5 .7 1 58 ,148 .57 7 . 09*
S p e c ie s  X Y ears 2 5 5 ,8 0 1 .8 8 27 , 900.94 3.40*
R e s id u a l 36 295 , 389.38 8 , 205.26
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T able 27 . T es t o f  means u s in g  D uncan 's new m nlt i p i e  ran g e  t e s t ,  
Wallman R idge brow se p ro d u c tio n  d a ta ,  I 96O and I 96I .
P ro d u c tio n  ( l b . /A . )
S tan d ard  e r r o r  o f  th e  mean = 17 .77
S p e c ie s  P rv i M a i  Ceve
Mean 6 .O6 8 .4 2  481 .12
S tan d ard  e r r o r  o f  th e  mean = 64 .05
Area 7 8 c a 4 5 d e 3 2 f b g  
Mean 62 86 19 3 229 305 419 539 556 620 677 870 912 949
Means n o t  u n d e rsc o re d  by th e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  
th e  95$ s ig n i f ic a n c e  le v e l..
Means u n d e rsc o re d  by th e  same l i n e  a r e  n o t s ig n i f i c a n t l y  d i f f e r e n t  at- 
th e  95$ s ig n i f ic a n c e  l e v e l .
T ab le  28. M al,ysi.s  o f  v a r ia n c e  t a b l e  f o r  th e  u t i l i z a t i o n  of 
s e r v ic e b e r r y  (M e la n c h ie r  a l n i f o l i a ) on Wallman R idge, w in te r
1960-61  and 1961- 62 .
Source d f  SS MS F
T o ta l 25 3^ 36.50
T e a r 1  4 73 .88  473 .88  5.44*
A rea 12  21.18.00 176 .50  2 .03
I&Tor 12  1044 .62  87 .05
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T able  29 , A n a ly sis  o f  V ariance  t a b l e  f o r  th e  u t i l i z a t i o n  of 
snowbr’osh cean o th u s (C eanothus v e lu t ln u s )  on Wal.lman Râ.dge, w in te r  
1960-61  and 1961- 6 2 .
Source d f  S3 MS
T o ta l 25 2582,96
Y ear 1 408 .04  408 .04  5 .37*
A rea 12 1262.46 105.20 1 .3 8
E rro r  12  912.46 76 .04
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APPENDIX G. PLANT LIST
Name A bbreviations used in  te x t
and f i e l d  forms
A bies gran d is . Grand f i r GF
Acer glabrum. Mountain maple Acgl
A c h ille a  m ille fo liu m . Yarrow Acrai
A g o ser is  g la u ca . P ale a s o s e r is Aggl
A goser is  s p , , A goseris AGO
Aeropyron spicatum , ELue bunch w heatgrass Agsp
Allium  cernuum. Nodding onion Alee
Allyssum  a l ly s o id e s A lai
Amelanchier a l n i f o l i a ,  S erv iceb erry Amal
Antennaria lu z o lo id e s .  Rush p u ssy toes Anlu
A, ro sea . Rose pussy to e s Anro
Apocynum androsaem ifolium . Spreading Dogbane Apan
A rctostap h ylos u v a -u r s i, K innikinnick Aruv
A ster can escen s. Hoary a s te r Asca
A. con sg icu u s. Showy a s te r Asco
A, s p , , A ster AST
A straga lu s s p , , Loco ASTR
Balsamorh iza  s a g i t t a t e .  Arrowleaf balsararoot Basa
Bromus tectorum . Cheatgrass brome Brte
C alam agrostis ru b escen s, P lnegrass Garu
Garex gejreri. Elk sedge Cage
G. s p . , Sedge GAR
G a st ille .la  s p . . Paintbrush CAS
Ceanothus v e lu t in u s , Snowbrush ceanothus. Ceve
snowbrush
Chimaphila u m b ella te , Common p ip sissew a Chum
G hrysopsis v i l l o s a .  Hairy g o ld a s te r Ghvi
Ghrysothamnus nauseosus. Rubber rabbitbrush Chna
G larkia p u lc h e lla , G larkia Cl pu
Gollomia l in e a r i s ,  G ilia C oli
Comandra p a l l id a .  B astard toad flax Co pa
Epilobium a n g u stifo liu m . Fireweed Epan
E, paniculatum , Autumn willowweed Eppa
E, s p . , Willowweed EPI
Erigeron g r a c i l i s ,  Fleabane Ergr
E. s p . , Fleabane ERI
Eriogonura umbellatum. Su lfu r  eriogonum Erum
F estuca id a h o e n s is , Idaho Fescue Feid
F. s c a b r e lla . Rough Fescue Fesc
F ragaria  s p , . Strawberry FRA
G a illa r d ia  a r is t a ta ,  G a illa rd ia Gaar
Hieracium albertinura. Hawkweed H ial
H olod iscu s d is c o lo r ,  Crearabush rockspi.rea Hodi
K oelaria  c r is t a  ta .  P r a ir ie  .iuneerass Kcor
92
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Name Abbreviat1ons used in  t e x t  
and f i e l d  forms
L arix  o c c id ent a i l s . W estern la r c h  
Ligusticum  s p , , L igusticum  
Linnaea b o r e a l i s , Twinflower 
Lithospermum ru d e r a le . Wayside gromwell 
Lomatium s p . , Lomatium
L onicera c a e r u le a , Sweetberry huneysuckle
Lupinus s p . , Lupine
Mahonia rep en s. Creeping mahonia
M ite lla  s ta u r o p e te la . M iterwort
Monarda f i s t u l o s a , Wildbergamot beebalm
Penstemon s p , , Penstemon
Fhleum p r a ten se , Timothy
Physocarpus m alvaceus, Ninebark
Pinus c o n to r ta , Lodgepole p ine
P. ponderosa, Ponderosa p ine
Poa p r a te n s is , Kentucky b lu egrass
P. secunda. Sandbeig b lu egrass
P. s p . , B luegrass
Polygonum d o u g la s i i , Douglas knotgrass
P o t e n t i l la  g lan d u losa . Gland c in q u e fo il
P. s p . .  C in q u efo il
Prunus em arginata, B itter ch er ry
P. v ir g in ia n a  v a r . dem issa . Common chokecherry
Pseudotsuga m e n z ie s i i , Douglas f i r
R ibes cereum. Wax current
Rosa gymnocarpa, Baldhip rose
R. nutkana. Nootka ro se
R. w o o d sii. Woods ro se
S a l ix  s p , , Willow
Sedum d o u g la s i i . Stonecrop
Shepherdia ca n a d en sis . R usset b u ffa lob erry
S o lid ago  m is so u r ie n s is . M issouri goldenrod
Spiraea b e t u l i f o l i a  var. lu c id a „ Spiraea
S tip a  Columbiana. Subalpine n eed legrass
Symphoricarpos a lb u s , Snowberry
Tragopogon p r a te n s is . Meadow s a l .s i fy
Vaccinium membranaceum. Big w hortleberry
Verbascum th a p s is . F lannel m ullen














































Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
